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GeoScience Abstracts 


1. GEOLOGIC MAPS, AREAL AND REGIONAL GEOLOGY 


PART 1. GEOLOGIC MAPS 
See also: Fuels 1-2135. 
1- 1870. Gay, Thomas E. Jr. , andQ. A. Aune, 


comps. GEOLOGIC MAP OF CALIFORNIA. ALTURAS 
SHEET: California, Div. Mines, 2 sheets, scale 
1:250,000, contour intervals 100 and 200 as. 3 illus. 
strat. nomenclature, 1959, 10 refs. 


This, the second sheet of a series, 
area of about 7,200 sq. mi. 
volcanic rocks, in the NE. corner of the state, 41 
420N. 120°- 1220W. About 1% of the area, in the 
extreme SW. corner, includes Jurassic and Triassic 
marine metasedimentary and metavolcanic rocks 
typical of the Klamath Mountains. Pliocene andesitic 
and basaltic volcanoes, the eastern edge of the Cascade 
Range, extend along the western margin of the area. 
The eastern edge is occupied by Basin and Range fea- 
tures, notably the desiccated graben of Surprise Valley, 
once occupied by a Pleistocene lake, and the tilted and 
uplifted Warner Range block, composed mainly of 
Oligocene to Miocene andesitic pyroclastic rocks. The 
central portion, known as the Modoc Plateau, is under- 
lain by folded Miocene and Pliocene terrestrial sedi- 
ments and pyroclastic rocks, covered mainly by Pleisto- 
cene and Recent basalt flows. Scattered broad valleys, 
eroded in Pliocene diatomaceous and tuffaceous sedi- 
mentary rocks, are floored with Quaternary lake 
sediments. 

Ten contributors to the compilation are listéd; the 
compilers mapped or remapped about 75% of the area. 
a s Gay |r. 


includes an 
, principally of Tertiar 


os 


1-1871. Martin, Helen M., comp. SURFACE 
GEOLOGY OF THE NORTHERN PENINSULA OF 
MICHIGAN: Michigan, Geol. Survey Div., Pub. 49, 
sheet 2, scale 1:500,000, 1958. 


Map shows glacial features in color corresponding 
to map of the surface formations of the Southern 
Peninsula of Michigan (Publication 49, sheet 1, scale 
1:500,000). 

Compiled from maps and field notes of Frank 
Leverett, Stannard Bergquist, W. A. Ver Wiebe, 
and Michigan Geological Survey geologists, and 
U. S. Geological Survey, Professional Paper 154 A 
by Frank Leverett. -- Auth. 


1-1872. Browning, Clyde L. MAP OF THE VIRGIN 
VALLEY (OPAL) FIELDS: Lapidary Jour.,v. 13, 
no. 1, p. 106-107, map, Apr. 1959. 


A 2-page hand-drawn map of the opal fields of 
Virgin Valley, Nevada (Appr. 8-1/2" x 10-1/2") is 
legibly reproduced. Opal prospects and mines are 
indicated along with cultural and physical features 
of importance. Township lines are overlaid in 
appropriate areas, with marginal notations for their 
accurate identification. Topography is indicated 
only by hatch marks.--J. Sinkankas. 


PART 2. AREAL AND REGIONAL GEOLOGY 


See also: Geomorphology 1-1897; Structural Geology 
71-1898; Igneous and Metamorphic Petrology 1-1990; 
Fuels 1-2024 through 1-2048, 1-206] through 1-2078, 
1-2081, 1-2091, 1-2093 through I- 2098, 1-2100, 1-2101, 
1-2102, 1-2104 through 1-2108, 12110, 1-2116, 1-2118, 
1-2123 through 1-2128, 1-2130, 1-2131; Miscellaneous 
1-2146. 


1-1873. Bray, J. Guy. PRELIMINARY REPORT 
ON LYONNE AREA, ROBERVAL ELECTORAL 
DISTRICT: Quebec, Dept. Mines, Prelim. Rept. 
no. 387, 8p., fold. geol. map (Prelim, Map no. 
V2) 5 scale 1:63,360, 1959. 


The Lyonne area (48°15'-48°30'N. 72930'-72°45'W. ), 
mapped in summer 1958, occupies approximately 200 
sq. mi., about 21 mi. WSW. of Roberval on Lake St. 
Jean. Average elevation is about 1,500 ft. , with local 
relief up to 400 ft. Extensive glacial and fluvioglacial 
deposits are found, chiefly on areas of gneiss and 
metagabbro which have low or moderate relief. A 
few eskers over 40 ft. high and numerous smaller 
ones trend S. Consolidated rocks are Precambrian. 
The oldest rocks, mixed gneisses of Grenville aspect, 
with WNW. to N. strike, underlie most of the area. 

A large body of metagabbro with local concentrations 
of titaniferous magnetite intrudes the gneisses in the 
NW. ; smaller bodies also occur throughout the area. 
Large plutons, consisting chiefly of pyroxene-quartz 
monzonite, intrude these older rocks in the N. and S. 
Associated hornblende-biotite granites are probably 
younger than, but genetically related to, the quartz 
monzonites. Titaniferous magnetite in the meta- 
gabbro is the best economic prospect at present. 
Magnetite and ilmenite occur disseminated throughout 
the metagabbro, but in several places they are con- 
centrated in layers and lenses thought to be primary 
in origin. The magnetic fraction is unusually low in 
TiO, (1.18%). A little beryl, molybdenite, and bio- 
tite ee found, and sand and gravel deposits suitable 
for construction are abundant. -- A. C. Sangree. 


1-1874. Laurin, A. F. PRELIMINARY REPORT 
ON GAILLARD-LORRAIN AREA, PONTIAC ELEC- 
TORAL DISTRICT: Quebec, Dept. Mines, Prelim. 
Rept. no. 386, 6 p., fold. geol. map (Prelim. Map 
no. 1275), scale 1:63,360, 1959, 3 refs. 


The Gaillard-Lorrain area (479-47915'N. 76°45'- 
77°W. ), mapped in summer 1958, covers an area of 
about 200 sq. mi. about 125 mi. NW. of Ottawa. The 
surface of the area is gently rolling, with local relief 
usually less than 300 ft. General elevation is about 
1,200 ft. above sea level. Surface waters drain to 
the Ottawa River. All consolidated rocks are Pre- 
cambrian and probably form part of the Grenville 
subprovince. The 3 most common rock groups are, 
in order of age, paragneisses, injection gneisses, 
and orthogneisses. Pink leucocratic granite and 
pegmatite are the youngest consolidated rocks. 
Glacial deposits mantle most of the region. A NE. 
structural trend predominates in the northern half of 
the map-area; the southern half is characterized by 
an undulating easterly trend with generally shallow 
dips. All rocks have been folded, but the intensity 
varies from one part of the region to another. Most 
small folds are related to intense local shearing. 

A major NE.-trending anticline crosses the northern 
part of the area. A few small shear zones were seen, 
and 2 faults are suggested. Joints are common, and 
3 main sets were noted, one striking E., one N., and 
one NW. Some disseminated magnetite occurs in the 
paragneisses. --A. C. Sangree. 


1-1875. California, Division of Mines. GEOLOGY 
OF NORTHEASTERN CALIFORNIA: Its: Mineral 
Inf. Service, v. 12, no. 6, p. 1-7, 7 illus., map, 
June 1959, 11 refs. 


GEOSCIENCE 


The principal geologic and physiographic features 
of the newly published Alturas sheet of the Geologic 
Map of California (see under Geologic Maps) are 
described in nontechnical language. The area, 410- 
42°N. 120°-122°W., ig in the NE. corner of California, 
bounded on the E. by Nevada and on the N. by Oregon. 
It includes 4 distinct geomorphic provinces. The 
Basin and Range province occupies the easternmost 
quarter of the area, where the prominent Warner 
Range block is uplifted some 5,500 ft. above the 
desiccated floor of Surprise Valley, in which Pleisto- 
cene Lake Surprise is represented by shallow alkali 
lakes. The Warner Range is composed of tilted 
Oligocene to Miocene andesitic pyroclastic rocks of 
the Cedarville series capped in places with Plio- 
Pleistocene basalt flows. The Modoc Plateau province 
occupies the central two-thirds of the area, and is 
characterized by Tertiary and Quaternary basaltic 
lava flows, with scattered volcanoes and cinder cones. 
Beneath an extensive capping of Pleistocene basalt lie 
Plio-Pleistocene diatomaceous and ash-rich sediments 
(Alturas formation) exposed in broad, eroded valleys 
now floored with Quaternary lake beds. Medicine 
Lake highland, a caldera with its rim and flanks 
covered by Pleistocene and Recent pumice, obsidian, 
perlite, and cinder cones, is at the western edge of 
the Modoc Plateau. The Cascade province, limited 
to the western margin of the area, is a region of gla- 
ciated volcanic cones mainly of Pliocene andesitic 
rocks, with some Pleistocene basalt at lower eleva- 
tions. The Klamath Mountains province is limited 
to the extreme SW. corner of the area, where steep- 
dipping Jurassic and Triassic marine metasedimentary 
and metavolcanic rocks are exposed. 

Economic mineral commodities reported from the 
area include Au, Ag, Cu, Hg, salt, diatomite, peat 
moss, volcanic cinders, dimension stone, obsidian, 
perlite, and sand and gravel. --T. E. Gay, Jr. 


1-1876. Bush, Alfred L., C. S. Bromfield, and 
C. T. Pierson. AREAL GEOLOGY OF THE 
PLACERVILLE QUADRANGLE, SAN MIGUEL 
COUNTY, COLORADO: U. S. Geol. Survey, Bull. 
1072-E, p, 299-384, 9 illus. (3 in pocket), geol. 
map scale 1:24,000, June 1959, 43 refs. 


The Placerville quadrangle includes an area of about 
59 sq. mi. in eastern San Miguel County, south- 
western Colorado. It is within and adjacent to the north- 
eastern boundary of the Colorado Plateaus physio- 
graphic province. The precipitous front of the San 
Juan Mountains lies only 3 mi. to the E. The quad- 
rangle includes features characteristic of both the 
plateaus and the mountains, and has been affected 
by geological events and processes of 2 different 
geologic environments. 

Within the Placerville quadrangle, and in the Little 
Cone quadrangle to the S. and the Gray Head quad- 
rangle to the SE., the Entrada sandstone of Late 
Jurassic age contains V deposits. These deposits 
form an essentially continuous layer 9 to 10 mi. long 
and 1 to 11/2 mi. wide. Associated with the V is 
a small but significant percentage of U. The oc- 
currence of these deposits in close proximity to the 
intrusive and extrusive rocks and base- and precious- 
metal deposits of the San Juan Mountains affords an 
unusual opportunity to study the relations between the 
various types of deposits and the igneous province. 
Accordingly an area of about 300 sq. mi. is being 
studied and mapped in detail. This large area, 
comprising the Placerville, Little Cone, Gray Head, 
Dolores Peak, and Mount Wilson quadrangles, includes 
the sedimentary rocks and V-U deposits characteristic 
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of the Colorado Plateau and the Tertiary extrusives, 
stocks, sills, dikes, and vein deposits characteristic 
of the San Juan igneous province. The present report 
describes the areal geology of the Placerville quad- 
rangle. 

Rocks exposed in the Placerville quadrangle are 
mainly flat-lying sedimentary formations that range 
in age from Permian to Cretaceous. These forma- 
tions have been broadly folded, broken into numerous 
elongate fault blocks, and, in the southeastern corner 
of the quadrangle, intruded by dioritic sills and dikes 
of Tertiary age. 

Several thousand feet of Paleozoic rocks probably 
underlie the quadrangle; these rocks are known only 
from deep oil wells and from exposures some miles 
to the S. and E. At one time a few thousand feet of 
Upper Cretaceous and Tertiary sedimentary rocks and 
Tertiary volcanic rocks were present in the quad- 
rangle above the present surface levels; they were 
removed during extensive erosional periods following 
the end of the Cretaceous period and at the end of the 
Tertiary. Pleistocene deposits include glacial drift 
on the upland surfaces, and valley fill and terrace 
gravels in the valleys of the major drainages. Al- 
luvium, torrential fans, landslides, and spring 
deposits, all of Recent age, are present along the 
major canyons. 

The continental sediments of the Cutler formation 
of Permian age were deposited on an aggrading plain 
of low relief, near a highland mass that lay some miles 
to the E. and N. A long period of erosion and pene- 
planation followed, at the end of which crustal warping 
took place in areas some tens of miles E. and W. of 
the quadrangle. In the Placerville quadrangle there 
is no marked angular discordance between the Cutler 
and Dolores formations. The continental sediments 
of the Dolores formation of Late Triassic age indicate 
the resumption of depositional conditions similar to 
those of the Cutler, but the highland mass apparently 
was lower or farther away from the quadrangle than 
in Cutler time, possibly both. 

A second long period of erosion followed, and was 
succeeded by the eolian and fluviatile deposits of the 
Entrada sandstone of Late Jurassic age. The advance 
and retreat of a shallow Late Jurassic embayment is 
marked by the sediments of the overlying Wanakah 
formation. The Pony Express limestone member at 
the base of the Wanakah formation was deposited in 
shallow brackish water; the Bilk Creek sandstone 
member indicates a return to depositional conditions 
similar to those of the Entrada sandstone; the marl 
member at the top of the Wanakah was also deposited 
in shallow, probably fresh water. The overlying 
Morrison formation of Late Jurassic age was deposited 
by broadly meandering streams on a low, flat-lying 
plain, probably remote from the source areas of the 
sediments. 

A period of erosion, probably of relatively short 
duration, preceded the deposition of the Burro Canyon 
formation of Early Cretaceous age. In the Placerville 
quadrangle the Burro Canyon is discontinuous, filling 
channels cut in the top of the Morrison formation. 
Another period of erosion was followed by deposition 
of the continental and littoral sediments of the Dakota 
sandstone of Late Cretaceous age with thin coaly 
layers and carbonaceous shales that probably represent 
lagoonal deposition. Sedimentation of the Dakota passed 
transitionally into deposition of the Mancos shale in the 
transgressing marine waters of the Late Cretaceous 
seas. 

The rocks of Paleozoic and Mesozoic age were 
broadly folded during Laramide time, as part of the 
same orogeny that influenced the "salt inclines" of 
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southwestern Colorado and southeastern Utah. At 
about the same time uplift in the San Juan Mountain 
area to the E. produced a broad dome. Extensive 
erosion followed, and the rocks of Mesozoic age in 
the area E. of the quadrangle were successfully 
beveled. The Telluride conglomerate of Tertiary 
(Oligocene?) age was laid down on this surface. At 
Telluride, about 15 mi. E. of the quadrangle, the 
Telluride conglomerate lies upon the Dolores 
formation. Volcanic rocks of Miocene (?) and 
Miocene age were deposited widely upon the Tel- 
luride conglomerate and at one time may have 
covered the Placerville quadrangle to a depth of 
several hundred feet or more. 


During middle Tertiary time monchiquitic dikes, 
and sills and dikes of dioritic and andesitic composi- 
tion were intruded into the sedimentary rocks. The 
major masses of igneous rock consist of diorite, 
diorite porphyry, andesite, and andesite porphyry 
that appear to have formed from the same dioritic 
magma. A few miles E. of the quadrangle, similar 
dioritic rocks form laccoliths in the Mancos shale 
and a stocklike mass that appears to cut the Tertiary 
volcanic rocks. 

Gravity faulting occurred in the quadrangle in mid- 
dle Tertiary time, resulting in the formation of 
numerous grabens. The faults displace both the sedi- 
mentary rocks and the intrusive rocks. A northward- 
trending graben system formed first and in turn was 
offset by a NW.-trending system. In part, the 2 
systems may have been contemporaneous. Other 
normal faults followed, possibly contemporaneous in 
part with the NW.-trending system. 

Clastic dikes, tentatively considered to be Tertiary 
in age, were intruded into the sedimentary rocks as 
high as the Dolores formation. They follow a WNW.- 


trending joint set along which their extent is measurable 


in thousands of feet, both laterally and vertically. The 
dikes consist of both rounded and angular fragments of 
sedimentary, igneous, and metamorphic rocks that 
could have been derived from the Cutler and Hermosa 
formations of Paleozoic age. 

At the end of the Tertiary period (possibly in the 
early Pleistocene) the general area was again uplifted 
and subjected to extensive erosion. The Mancos shale 
was largely stripped from the Placerville quadrangle, 
and the upland surfaces, formed on top of the resistant 
Dakota sandstone, were largely controlled by the geo- 
logic structure. The drainages, too, are believed to 
have been structurally controlled. Piedmont glaciation 
of the Cerro stage followed and disrupted the pre- 
glacial drainage system. During the retreat of the 
piedmont glaciers the San Miguel River was super- 
posed across the structural trends by adjustment to 
an ice lobe that still occupied, and thus blocked, the 
preglacial river valley. Leopard Creek, the major 
tributary to the San Miguel River within the quadrangle, 
was also superposed across the structure by the 
damming action of the ice lobe. With final retreat of 
the ice the major drainages were left trapped in their 
incised valleys; the minor drainages, however, once 
again became adjusted to the structure. Stream 
capture has taken place at several places and is likely 
to occur at several other places in the future. 


The mineral deposits within the quadrangle include 
the tabular V-U deposits in the Entrada sandstone, 
uraniferous and nonuraniferous Cu-"hydrocarbon"'- 
bearing veins of probably Tertiary age in the Cutler 
and Dolores formations, and. placer Au deposits in 
terrace gravels and valley fill of Pleistocene age 
and in Recent alluvium. -- Auth. 


1-1877. Puri, Harbans S., and Robert O. Vernon. 
SUMMARY OF THE GEOLOGY OF FLORIDA AND A 
GUIDEBOOK TO THE CLASSIC EXPOSURES: Florida 
Geol. Survey, Spec. Pub. 5, 255 Dae etliosanw lepls.. 
4 tables, July 1959. 


Florida is a part of the eastern Gulf of Mexico 
sedimentary basin. This sedimentary basin is 
divided into 2 sedimentary provinces (N. Gulf Coast 
sedimentary province and Florida Peninsula sedi- 
mentary province) separated by the Suwannee straits. 
The N. Gulf Coast sedimentary province consists 
mainly of clastic sediments and includes the Apala- 
chicola embayment and the SE. Georgia embayment. 
The Florida Peninsula sedimentary province is 
characterized by nonclastic sediments and includes 
aS. Florida embayment of the Gulf of Mexico basin, 
with its center of deposition passing through Sunniland 
field. 

The dominant subsurface structure in Florida is 
the peninsular arch, which forms the axis of peninsular 
Florida. This structure was a topographic high during 
Cretaceous times, and sediments of early Cretaceous 
were deposited around it but did not completely cover 
ace 

The core of the Florida Peninsula is made up of 
Precambrian crystalline rocks (encountered in 3 
wells), pyroclastic rocks and rhyolitic lavas (en- 
countered in 8 wells), pre-Mesozoic sedimentary 
rocks of early Ordovician, middle Ordovician, late 
Silurian or early Devonian (?), and Devonian age 
(encountered in 37 wells). Diabase and basalt of 
Triassic(?) age (encountered in 9 wells) occur either 
as sills or dikes in some wells, and in others they 
are presumed to have been flows. Unnamed red 
beds of questionably Triassic age occur in 2 wells 
in the panhandle. 

Over 16,000 ft. of marine sediments have been 
penetrated by the drill in Florida. These sedimentary 
rocks represent rocks from Ordovician to Recent in 
age. Thickness and distribution of these rocks is 
indicated on generalized geologic cross section, and 
the nomenclature currently applied to these rocks 
appears in the stratigraphic nomenclature chart. 

The Ocala uplift, well developed along the penin- 
sula, passes westerly into a series of unnamed noses 
and basins that trend NE.-SW. and terminate in a 
broadly developed uplift known as the Chattahoochee 
arch. The oldest exposed outcrops occur in 2 ex- 
tensive areas. The more extensive of these is the 
Ocala uplift; the other is the Chattahoochee arch. 

The sediments cropping out in Florida are middle 
Eocene (Avon Park limestone) to Recent in age. 

Type sections of all the formations and biostrati- 
graphic units recognized in Florida are discussed 

in the guidebook together with their paleontologic 
character. Detailed stratigraphic section of 85 
classic outcrops, and lists of fossils that have been 
reported from the various units is given in the guide- 
book. Three maps give their exact location and de- 
tailed road log, together with insets that show the 
beginning of the route and location of the outcrops. -- 
Auth. 


1-1878. Rudd, Neilson, ed., and George M. 
Wilson. THE ILLINOIS GEOLOGICAL SOCIETY 
FIELD TRIP TO EXTREME SOUTHEASTERN ILLI- 
NOIS, MAY 22, 23, & 24, 1959: 16p., 5 maps (2 
fold., scale 1:62,500), secs., [Urbana? ], Illinois 
Geological Society, 1959, 12 refs. 


A road log and descriptive geological discussion 
of the third field trip of the Illinois Geological Society 
are included in this guidebook. The field trip area 
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includes the outcrop localities of Devonian, Missis- 
sippian, and Pennsylvanian sediments in Saline, Gal- 


latin, Hardin, Pope, and Williamson counties, Illinois. 


The primary concern is with the structural problems 
of the area. 

Structurally, the area is within the fault belt ex- 
tending from the Kentucky River fault zone to the 
Rough Creek-Shawneetown fault zone. The region 
has been intricately cut by faults affecting the entire 
Pennsylvanian section. Further complicating the 
area are NW. - to SE.-trending mica-peridotite dikes. 

Physiographically, the area is a complexly dis- 
sected upland. The N.-sloping cuestas of the Pennsyl- 
vanian and Mississippian sediments are broken by 
structural benches, fault scarps, horsts and grabens, 
and subsequent valleys. --N. Rudd. 


1-1879.  Flege, R. Fred. GEOLOGY OF LORDS- 
BURG QUADRANGLE, HIDALGO COUNTY, NEW 
MEXICO: New Mexico, Bur. Mines & Mineral 
Resources, Bull. 62, 36p., 2 figs., 10 pls. incl. 
geol. map (in pocket) scale 1:62, 500, secs. (in 
pocket), 2 tables, 1959, 35 refs. 


The Lordsburg quadrangle, near the southwest- 
ern corner of New Mexico, encloses the Pyramid 
Mountains and the Lordsburg mining district. Other 
than float blocks of fossiliferous Pennsylvanian lime- 
stone, the outcrops are of Cretaceous and Tertiary 
igneous rocks, and Quaternary alluvium and lacus- 
trine deposits. The oldest exposed rocks are Lower 
Cretaceous augite basalt, more than 2, 000 ft. thick, 
and intrusive basalt breccia and rhyolite; these were 
intruded by Cretaceous or Tertiary hornblende gran- 
odiorite which is associated with mineralization of 
the Lordsburg mining district. The basal early 
Tertiary rocks are 1, 200 ft. of pyroxene andesite, 
the lower 200 ft. being of agglomerate containing 
large blocks of Precambrian granite, Pennsylvanian 
limestone, and Cretaceous basalt. The andesite 
was intruded by a pyroxene monzonite stock in the 
southern Pyramid Mountains. 

Middle or late Tertiary pyroclastic rocks, 2, 000- 
2,500 ft. thick, are chiefly rhyolitic tuff-breccias, 
bedded tuffs, flows, and welded tuffs; above is 150- 
200 ft. of augite-olivine basalt; this is overlain by 
700-800 ft. of rhyolitic welded tuff whose vents were 
plugged with perlite. Quartz latite dikes and plugs 
cut all older rocks in the Lordsburg mining district, 
and on North Pyramid and South Pyramid peaks the 
above volcanic rocks were tilted and then buried 
beneath about 500 ft. of rhyolitic flows and breccias. 
Whitish rhyolite dikes and plugs are the youngest 
igneous rocks. 

Shore features of ancient Lake Animas occur on 
the western and northern edges of the Pyramid 
Mountains alluvial fans; the highest strand line was 
at about 4, 240 ft. altitude. Broad folding and exten- 
sive high-angle block faulting during late Tertiary 
time outlined the present Pyramid Mountains, which 
have been surrounded by pediments cut in Quaternary 
and Recent time. 

Economic resources include Cu, Au, Ag, Pb, Zn, 
perlite, agate, and fluorite; production through 1954 
totaled $32, 421, 910. --F.E. Kottlowski. 


1-1880. Sturgeon, Myron T., and associates. THE 
GEOLOGY AND MINERAL RESOURCES OF ATHENS 
COUNTY, OHIO: Ohio, Div. Geol. Survey, Bull. 57, 
600 p., 30 figs., 11 pls., 30 tables, geol. map scale 
1:62,500, drainage map scale 1:125,000, 1958, 201 
refs. 


Athens County is in southeastern Ohio in the 
Appalachian Plateaus physiographic province. The 
maximum relief within the county is 500 ft. and flat 
land is not common. Drainage patterns of most of 
the streams are dendritic, with some irregularities 
due to stream piracy and asymmetry in some valleys 
because of SE. dip of the bedrock. 

Exposed rocks in Athens County include Pennsyl- 
vanian and Permian bedrock and Pleistocene and 
Recent mantle rock. The bedrock consists of shales, 
sandstone and conglomerates, limestone, flint, coal, 
and clay deposited in cyclic sequence ranging in age 
from late Pottsville to Dunkard. Allegheny rocks 
contain the economically valuable lower Kittanning 
clay and middle Kittanning coal. Outcrops of 
Conemaugh rocks are characterized by red beds, 
persistant marine limestones and numerous thin 
coals. Rock Riffle limestone member is proposed 
as a name for a fresh-water limestone in the Harlem 
cyclothem, and an exposure along the road in western 
section 21, Ames Township is designated as type 
section for the Ames cyclothem. A number of other 
member names are revived or applied to Ohio 
exposures for the first time. Rocks of the Monon- 
gahela series extend from the base of the Pittsburgh 
cyclothem to the top of the Waynesburg coal bed and 
include the Pittsburgh No. 8 coal. The Permian of 
Athens County is confined to the eastern edge of the 
county and is characterized by shales and sand- 
stones. A chapter on the fossil flora of the Dunkard 
strata by Aureal T. Cross is included in the bulletin. 

Coal is the principal mineral resource of Athens 
County. The major reserves are in the Middle 
Kittanning No. 6 coal. Other minable coals, in 
decreasing importance of reserves, are: Lower 
Kittanning No. 5, Upper Freeport No. 7, Pittsburgh 
No. 8, Meigs Creek No. 9, and Redstone No. 8a. 

Clay, limestone, and gravel are all mined in the 
county. Oil and gas are recovered from pools i1 
several horizons with First and Second Berea leading 
in importance. --P. Smyth. 


1-1881. Lytle, William S., and Vincent C. Shepps. 
GUIDEBOOK, 24th ANNUAL FIELD CONFERENCE 
OF PENNSYLVANIA GEOLOGISTS, MAY 15, 16, 17, 
1959, TITUSVILLE, PA.: 77 p., 9 illus., 9 maps, 

7 secs., 3 diags., 2 graphs, [Harrisburg], Penn- 
sylvania Geological Survey, May 1959, 28 refs. 


Three field trips are contained in this guidebook. 
The glacial geology trip (Trip A) is designed to 
demonstrate the deposits and surface features formed 
by advances of ice into Erie and Crawford counties, 
Pennsylvania, during the Wisconsin stage of the 
Pleistocene epoch. Northwestern Pennsylvania was 
glaciated on no less than 7 occasions by continental 
ice of the Erie lobe which moved along the basin of 
Lake Erie from the NE. Movement of ice into 
Pennsylvania occurred either as lateral spreading of 
the ice along the margin of the Erie lobe or as spread- 
ing of ice which moved into eastern Ohio as a tongue 
off of the Erie lobe, called the Grand River sublobe. 
Advances of ice into Pennsylvania occurred twice 
during the Illinoian Stage and 5 times during the Cary 
substage. Maps showing distribution of the glacial 
deposits, the advances, and the field trip route are 
included with the trip description. 

The bedrock and oil geology of northwestern 
Pennsylvania and the great Oildorado field trip 
(Trip B) takes in historical places of the early oil 
days and outcrops of Pennsylvanian, Mississippian, 
and Devonian rocks including some Upper Devonian 
oil and gas producing horizons. A brief history of 
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the Drake well, the vanished city of Pithole, and the 
early transportation of oil is presented along with 

a description of the stratigraphy of the area including 
Pennsylvanian, Mississippian, and some of the Up- 
per Devonian rocks. A route map is included show- 
ing stops and points of interest which are described 
in the itinerary. A number of early oil pictures have 
been reproduced, and a map of the world's first oil 
pipeline and gathering line has been drafted. 

A trip through the erosion channel in the Penn 
Dixie Vanport limestone mine (Trip C) at West Win- 
field, Butler County is the third and final trip. The 
Vanport (Pennsylvanian) and associated beds are 
nearly horizontal in this area except in a belt that 
crosses the property in a general E.-W. direction. 
This belt is approximately 2, 200 ft. in width. Within 
this erosional band there is a jumble of blocks of 
coal, shale, sandstone, and limestone, folded and 
faulted in every conceivable manner. The cement 
company has driven a drift through this disturbed 
area and is mining limestone at the far side. It is 
‘proposed that the disturbed area was formed by the 
formation of a channel in the limestone before the 
beds on either side of the channel had been com- 
pacted. These beds slumped into and filled the 
channel. In connection with this trip there are 
cross sections, a map, anda columnar section to 
help in understanding the mechanics which formed 
this disturbed area. --W. S. Lytle. 


- 1-1882. Crandell, Dwight R. GEOLOGY OF THE 
PIERRE AREA, SOUTH DAKOTA: U. S. Geol. Sur- 
vey, Prof. Paper 307, 83 p., 36 illus. (3 in pocket), 
3 geol. maps scale 1:62,500, June 1959, 79 refs. 


The Pierre area consists of three 15-minute quad- 
rangles in the approximate center of South Dakota. 
The area is bisected by the trench of the Missouri 
River, which forms a boundary between a region 
mostly covered by glacial deposits that overlie Pierre 
shale on the NE. and a region of shale on the SW. 

Subsurface rocks known from deep borings include 
Precambrian granite and quartzite and more than 
1,500 ft. of marine Paleozoic and Mesozoic rocks. 
The only bedrock exposed is the Pierre shale of Late 
Cretaceous age, which is about 1,000 ft. thick and 
consists almost wholly of shale and claystone. 

Pleistocene deposits include nonglacial stream 
alluvium derived from the W., ranging in age from 
Yarmouth to Iowan, and Wisconsin glacial drift. 


Distribution of the nonglacial alluvium now is restricted 


to the area SW. of the Missouri River, and even there 
erosion has left only small remnants of once extensive 
deposits. 

Glacial drift of the Iowan substage SW. of the Mis- 
souri River consists of scattered glacial boulders and 
small proglacial outwash deposits in tributary valleys 
NW. of the Bad River. In the Missouri River trench, 
stratified drift of Iowan age records outwash aggrada- 
tion shortly after the maximum of the substage; NE. 
of the trench, Iowan deposits have not been recognized 
owing to the blanket of younger glacial drift. Glacial 
deposits of Tazewell age are widely distributed NE. 
of the Missouri River. Proglacial outwash deposits in 
tributaries of the Missouri River can be traced from 
Tazewell end moraines NE. of Pierre into the Missouri 
‘trench, where they are graded to remnants of a once- 
continuous outwash valley train. Ground moraine and 
end moraine of the substage covers nearly all the up- 
land area NE. of the Missouri River. 

The distribution of glacial drift of Cary and Mankato 
age is limited; till of probable Cary age occurs in the 
NE. corner of the Canning quadrangle, but elsewhere 


glacial drift of this substage occurs only as proglacial 
stratified drift in the trenches of the Missouri River 
and Medicine Creek. 

Mappable units of hoth Pleistocene and Recent age 
comprise spring deposits, landslide deposits, fan 
alluvium and colluvium, and loess. Spring deposits 
typically consist of travertine that has cemented sand 
and gravel to form conglomerate; these deposits occur 
in outcrops of small areal extent along the walls of 
the Missouri River trench and the valley of Medicine 
Creek. Landslide deposits include Pierre shale and 
glacial drift that have been involved in slumping, 
flowage, or a combination of the 2 processes. Fan 
deposits typically consist of alluvium and colluvium 
in coalescent alluvial fans between the base of Pierre 
shale outcrops in valley walls and the Recent alluvium 
of the valley floors. Probably the most widespread 
geologic unit in the area is loess of Wisconsin and 
Recent age, although SW. of the Missouri River it 
is thin and not continuous laterally. A buried soil 
profile that is inferred to represent the Tazewell- 
Cary interval has been recognized locally in the 
loess. As much as 5 1/2 ft. of loess has accumulated 
in the last 460 years in favorable locations. 

Deposits of Recent age include floodplain and 
terrace alluvium along the axes of the principal 
stream valleys of the area. This alluvium reaches 
a maximum thickness of about 75 ft. beneath the 
Missouri River flood plain, but it probably includes 
outwash deposits of Mankato and Cary age lying 
between the bedrock floor of the trench and the base 
of the Recent alluvium. 

Structural dislocations recognized in the area in- 
clude folds and faults of seemingly random orientation 
in the Pierre shale. Folds typically are small in 
amplitude and apparently limited in length along the 
strike to several hundreds of yards. Faults are chiefly 
of the normal type, and displacements range from a 
few inches to several tens of feet. 

Prior to the Illinoian stage the Pierre area was 
crossed by the ancestral Bad River, an eastward- 
flowing master stream that antedated the Missouri 
River trench. In the Illinoian stage a glacier dammed 
this and the other eastward-flowing master streams 
of central South Dakota so that drainage from the W. 
and meltwater from the glacier fed ever-deepening 
lakes in the valleys of these master streams. Even- 
tually each of these lakes overflowed and spilled over 
low divides into adjacent drainage basins. Through 
integration of channels formed in this way the Missouri 
River trench came into being. The trench was widened 
and, possibly, deepened nearly to its present dimen- 
sions during the Sangamon interglacial stage. 

Since mid-Pleistocene and possibly early Pleistocene 
time, eolian erosional and depositional features have 
been factors influencing the formation of a tributary 
drainage system in northwesterly and southeasterly 
directions. The result is a remarkable SE. lineation 
of ridges and valleys in the Pierre shale SW. of the 
Missouri River. 

The glacier of the Iowan substage crossed the Mis- 
souri River trench and extended westward over most 
of the Pierre area. Meltwater built valley trains of 
sand and gravel in the trenches of the Missouri River 
and some of its tributaries. Most of these deposits 
were removed after the retreat of the glacier from 
the area and before the Tazewell substage. The 
Tazewell glacier locally reached the Missouri trench 
in the Pierre area but did not extend across to the 
opposite upland. While the ice margin was standing 
in or very close to the trench, a valley train of out- 
wash sand and gravel accumulated in the trench to 
which tributary meltwater streams were graded 
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during the subsequent retreat of the glacier. In the 
course of retreat, 2 massive end moraines were built 
in the Pierre and Canning quadrangles. Soon after the 
retreat of the Tazewell glacier from the area the out- 
wash train in the Missouri River trench was dissected, 
and during the Tazewell-Cary interval the present 
bedrock floor of the trench was cut to a depth of about 
60 ft. beneath the present flood plain. 

The Cary substage was marked by the advance of 
another glacier into the NE. corner of the area. During 
this substage the Missouri River again aggraded in 
response to the load of outwash sand and gravel con- 
tributed by meltwater. 

Since Cary time there has been little change in the 
physiography of the area. The surface now is being 
slowly lowered by stream erosion, deflation, and 
mass-wasting processes. These processes are more 
active SW. of the Missouri River, where the surface 
is underlain chiefly by the relatively impermeable 
Pierre shale, than in the region to the NE. where a 
poorly integrated drainage system and permeable 
glacial drift oppose vigorous erosion. 

Construction materials of the area include small 
amounts of hard rock (glacial erratics), and sand and 
gravel deposits. The supply of glacially derived sand 
and gravel is very large, but these materials are not 
recommended for use in high-grade concrete. Pre- 
liminary tests on Pierre shale indicate that some of 
it is suitable for the preparation of lightweight 
aggregate. 

Although natural gas has been produced at Pierre 
for more than 60 years, production has never been 
adequate for more than local consumption. 

A very important resource of the area is its 
supply of potable water. At present, an adequate 
supply for the towns of Pierre and Fort Pierre is 
obtained from the alluvium and glacial sand and 
gravel beneath the Missouri flood plain. On upland 
areas NE. of the Missouri River, domestic water 
supplies are most commonly obtained from shallow 
wells that tap permeable beds in glacial drift, al- 
though some water is obtained from deep artesian 
wells that tap the Dakota sandstone of Early Cretace- 
ous age. On upland areas SW. of the Missouri River, 
water is obtained from artesian wells and from reser- 
voirs in which surface runoff is impounded. 

The high susceptibility of the Pierre shale to land- 
sliding poses important engineering problems in the 
area; recognition of dormant or potential slide areas 
is essential to sound construction practice and design. 
The chief contributing factors to landslides are in- 
creased pressure of interstitial water during and 
shortly after periods of heavy precipitation and natural 
or artificial excavation at the toes of dormant land- 
slides or potentially unstable slopes. -- Auth. 


1-1883. Houston Geological Society, Houston, Texas. 
FIELD TRIP PACKET, BOLING DOME, WHARTON 
COUNTY, TEXAS: 4v., 1959. 


This packet includes 2 booklets published by the 
Texas Gulf Sulphur Company entitled Modern Sulphur 
Mining (24p., illus., fold. map, 1957, 28 refs. ) 
and Facts about Sulphur (52 p., illus., graphs, 
tables, 1958, 108 refs. ), together with a flow sheet 
of the Boling Dome mine (Mining Sulphur on the Gulf 
Coast, illus., diag., rev. 1957; reprinted from _ 
Chemical & Metallurgical Engineering, March 1941), 
Also included is Ralph B. Cantrell's article, "Boling 
Field, Fort Bend and Wharton Counties, Texas," 
first published in the Houston Geological Society's 
Guidebook, 1953 (p. 87-96, map, 5 secs. (3 fold. ), 
log). 


ABSTRACTS 


The illustrated booklets describe S occurrence, a 
brief history of S on the Texas and Louisiana Gulf 
Coast, and the processes involved in mining, storing, 
and shipping S; also the uses of S and the physico- 
chemical properties of S are given in detail. Cantrell’ 
article deals mainly with the oil fields associated with 
the world’s largest onshore salt dome. --J. H. Ogg. 


1-1884. San Angelo Geological Society, San 
Angelo, Texas. GUIDEBOOK: THE BASE OF THE 
PERMIAN, A CENTURY OF CONTROVERSY: 100 
p., illus., ports., maps (incl. 2 geol. maps in 
pocket, scale lin. tol mi.), charts, secs. (1 in 
pocket), diags., San Angelo, Texas, Apr. 1958. 


This guidebook was prepared for the field trip of 
the Society, Apr. 17-19, 1958. Road logs, sketches 
of outcrops, photographs, and annotations outline the 
trip designed to illustrate field criteria of the contro- 
versy. In contributions by J. N. Gregory, the his- 
torical background is given from Murchison's defini- 
tion of the Permian through the difficulties of English 
and American stratigraphers' attempts to make corre- 
lation. In "A Suggested New Pick for the Base of the 
Permian, R. L. Cannon concludes ''-- if the Wolf- 
camp overlies Strawn and older rocks in the Black 
Shale Basin and the Canyon overlies Strawn and older 
rocks in the Eastern Shelf Area, then the unconform- 
ity at the base of the Wolfcamp must be the one at the 
base of the Canyon. Thus if the base of the Wolfcamp 
is the base of the Permian in the Black Shale Basin, 
the base of the Canyon must be the base of the Per- 
mian in the Eastern Shelf Area." In "Pennsylvanian- 
Permian Boundary in North-Central Texas, " Lloyd 
G. Henbest recommends "--that the ultimate de- 
cision on the Pennsylvanian-Permian boundary should 
wait for a more comprehensive study of the floral 
and faunal evidence in north-central Texas and in 
central Kansas and adjacent parts of Oklahoma and 
Nebraska. Although most lines of paleontologic 
evidence seems to be more nearly in accord than 
commonly happens in complex boundary problems, 
the decision on the exact boundary within a narrow 
zone of possible choices may have to rest on a com- 
promise or an arbitrary definition. At the present 
time, the earliest occurrence of Pseudofusulina seems 
to be the most practical marker among the Fusulini- 
dae for the beginning of Permian time. The merits of 
placing the Pennsylvanian-Permian boundary at the 
base of the Pueblo formation may be reasonably de- 
bated pro and con, according to the claims of the 
different lines of paleontologic evidence. The pres- 
ently adopted boundary seems a fair compromise at 
the present state of study.'' An abstract by Carl C. 
Branson of his "Base of the Permian System"' states: 
"The original concept of the Permian system and the 
more important revisions of that concept are re- 
viewed. It is concluded that there is no truly natural 
boundary, that present information is inadequate, and 
that a solution awaits assignment of an acceptable 
arbitrary basal boundary by a strong majority of 
stratigraphers. " In other contributions Hugh N. 
Frenzel discusses ''Permo- Pennsylvanian Problems 
on the South Side of the Permian Basin, "' and Harold 
L. Williams discusses "The Importance of Fusulines 
in the Study of Pennsylvanian Stratigraphy. ''--M. Rus- 
sell. 


1-1885. Cohenour, Robert E. SHEEPROCK 
MOUNTAINS, TOOELE AND JUAB COUNTIES, UTAH 
Utah Geol. & Mineralog. Survey, Bull. 63, 208 p., 

6 figs. incl. 4 maps, 25 pls. incl. 31 illus., 2 maps 
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(1 col.), 7 secs. (3 col.), 3 tables, June 1959572 
refs. c 


The Sheeprock Range, Tooele and Juab counties, 
Utah, is composed chiefly of consolidated sedimentary 
rocks of Precambrian and Paleozoic age. Several 
areas of both intrusive and extrusive rocks are pres- 
ent. Unconsolidated sediments related to late Tertiary 
and Quaternary episodes cover much of the flanks of 
the range as pediment gravels, lake deposits and al- 
luvium. 

Nearly 11,000 ft. of Precambrian metasediments, 


largely slates and quartzites similar to late Precambrian 


formations in central and western Utah, crop out in 
the central part of the area. Tillites similar to those 
found locally in the Wasatch Mountains are the thickest 
and most distinctive of the Precambrian rocks. Twenty- 
seven formations having a combined thickness of ap- 
proximately 20,000 ft. represent the Paleozoic era and 
include rocks of all Paleozoic periods excepting (?) 
Permian. Over 80% of the Paleozoic rocks are of 
marine origin, the remainder are continental -interior- 
shelf and shoreline deposits. Limestone, dolomite, 
quartzite, and shale typical of miogeosynclinal en- 
vironment constitute the Paleozoic rock types. Ex- 
cepting minor hiatuses, continuous sedimentation 
prevailed from Precambrian into Pennsylvanian. 

All formations were strongly folded and broken 
by thrust faults during the Laramide orogeny. Rock 
units necessary for precise relative dating of Laramide 
and later orogenic events are not present in the Sheep- 
rock Range, but the relationships of preserved struc- 
tures permit the establishment of a sequence of de- 
formational.phases as follows: (1) Cedar Hills orogeny 
(2?) - mid-Cretaceous phase, (2) early Laramide oro- 
geny - Montana phase, (3) mid-Laramide orogeny(?) - 
Paleocene phase, (4) late Laramide orogeny, and (5) 
Basin and Range phase. Structures formed during 
these phases include folds, thrust faults and im- 
brications, and normal faults, and the structures of 
each successive phase are superposed upon those of 
earlier phases. 

Igneous activity which began in early Tertiary and 
continued into Miocene formed monzonitic and granitic 
intrusions and extensive andesitic and rhyolitic flows. 
A single small area of basalt of undetermined age is 
present. 

The resulting structure of the Sheeprock Range is 
essentially a northward-dipping homocline modified 
by several folds, major thrusts, and intrusions. 

Normal faulting of the Basin and Range orogenic 


phase, concomitant with and following the igneous 


activity, affected both Tertiary and older rocks and 
is primarily responsible for the present topography 
and outline of the Sheeprock Range. 

Lake Bonneville shoreline features along the 
western part of the area and a questionable morainal 
deposit at the mouth of North Oak Brush Canyon 
represent Pleistocene events. 

Mineral deposits fall into 2 major groups: (1) 
deposits associated with the West Tintic monzonite 
cutting Precambrian and Paleozoic rocks have yielded 
minor quantities of commercial ores of Pb, Zn, Ag, 
Au, and W.; (2) deposits associated with the Sheeprock 
granite have yielded ores and protores of Be, Pb, Ag, 
W, Th, and U, but none of these has achieved com- 
mercial significance. -- Auth. 


1- 1886. Cloud, Preston E., Jr. GEOLOGY OF 
SAIPAN, MARIANA ISLANDS. PART 4. SUBMARINE 
TOPOGRAPHY AND SHOAL-WATER ECOLOGY: 

U. S. Geol. Survey, Prof. Paper 280-K, p. 361- 
445, 29 illus. (5 in pocket), geol. map scale 1:31,680, 
6 tables, June 1959, 127 refs. 


The topography of the sea floor within 10 mi. of 
Saipan broadly resembles that of the land. Eastward, 
toward the Mariana trench, slopes are about 6°, with- 
out prominent benches or scarps. This is inferred to 
indicate easterly continuation of generally pyroclastic 
bedrock. The westward slope averages 2° to 3° and 
consists mainly of nearly flat benches and W. -facing 
scarps. This is taken to imply westward continuation 
of a limestone bench-and-fault-scarp topography. 
Projection of known faults to sea and through Tinian, 
on the basis of topographic trends, suggests a pat- 
tern of W.-dipping normal faults that parallel the 
strike of the Mariana ridge and affect the shape and 
position of islands at the crest of the ridge. 

Effects possibly attributable to gravity slides and 
density currents are briefly discussed. Laulau 
bay may be the scar of a sea slide (or slides) that 
dispersed a large fraction of its load through transla- 
tion to a density current at depth. ; 

The broad subdivisions of the local marine en- 
vironment include shoreline, barrier reef lagoon and 
contiguous fringing reef moats of the western shore, 
organic reefs, and sea floor beyond the peripheral 
reefs. The organic reefs are especially important 
because their biota and the sediments derived from 
them strongly affect all adjacent habitats. The 
principal organic communities are those of rocky 
shores, sandy beaches, bare to sparsely vegetated 
sandy bottom, sandy bottom with abundant seaweed, 
gravelly bottom, and submerged organic reefs and 
coral-algal rock. Intergrading and interspersal of 
these communities and habitats result in a variety 
of associations that are described as 16 shoal-water 
biotopes and several shoreline environments of 
comparable status. 

The average median diameter of 64 random 
samples of mainly calcium carbonate sediments is 
0.63 mm., and the average Trask coefficient of 
sorting (SO) is 1.7. Half of the samples have SO 
between 1.5 and 2.0 with nearly symmetrical 
regression. The finest grained and best sorted 
sands include bar sands, and one sample just below 
the reef front. The coarsest grained and poorest 
sorted sediments sampled are very shallow-water 
sand and gravel. Other relatively coarse sands, 
principally of Halimeda joints, are concentrated in 
the deep part of the lagoon entrance. 

Depth of water and physical nature of the bottom 
controls seaweed growth, which is important in the 
general nutrient system. 

The reef complex can be described in various 
ways, which find a common denominator in terms 
of its nutrient chains and their disintegration products. 
This leads to review of some distinctive organic 
associations and adaptations, and to consideration of 
some problems of biotal distribution. The wide 
range of many benthonic species, even across great 
oceanic depths, invalidates geographic distance as 
a guide to specific distinction and emphasizes the 
need for care in the analysis of barriers and migra- 
tion routes. The common association of several 
morphologic species of the same genus under gen- 
erally similar habitat conditions is also considered. 
The implied absence or low level of competition is 
probably explained by different food (energy) sources 
or different feeding habits between otherwise prospec- 
tively serious competitors. In addition, the magnitude 
of the habitat variations that may provide suitable 
niches for specific differentiation is directly related 
to the size and motility of the organism. Micro- 
environments of importance in the speciation of small 
organisms may be much too refined to map or even 
to detect by the field methods employed. 
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The lagoonal sediments and those that come to 
rest on the outer slopes of the reef are properly a 
part of the reef complex. These sediments consist 
preponderantly of biogenic calcium carbonate that 
owes its particular nature to a variety of factors. 

A prominent fraction is of direct organic origin, 
Halimeda joints and Foraminifera being conspicuous 
contributors. Much detrital sediment results from 
impact, abrasion, and hydraulic pressure, factors 
which are especially effective at times of storm and 
against reefs and sea level benches that have been 
weakened in advance of mechanical attrition by boring 
organisms. The mechanical sediments accumulate 
mainly on the outer slopes. It is estimated that on 
the order of 1,100 to 1,600 tons of calcareous detritus 
per square mile is added annually to the sediments 

of the principal lagoon area of Saipan from the excre- 
ment of fish that browse on filamentous algae on coral- 
algal rock or on living calcareous algae or coral - a 
rate of accretion, assuming no transport, of perhaps 
0.2 to 0.3 mm. per year. Total fall of sediments in 
the shoal areas from all causes is probably 3 or more 
times this rate, but actual sedimentary accretion 
depends on entrapment or subsidence, and much of 
the sediment that falls is probably moved seaward 

to deeper waters. 

Orientation of sediment trains and of growth 
features parallel to current flow is characteristic 
of the reef environment, especially adjacent to, 
and across the crests of peripheral reefs. 

Erosion in the intertidal zone is complex. The 
product is a nearly flat surface that terminates sea- 
ward at or near low tide level and implies processes 
mainly limited to the intertidal zone. Factors in- 
volved appear to include organic attrition and as 
yet not well understood solution effects. Organic 
growth at the reef edge sharpens the effect of abrupt 
cutoff at low tide level. Precipitation of calcium 
carbonate takes place in the intertidal and 
spray zones, causing local indurationof beach 
deposits and cliff faces, cementing larger blocks to 
the reef flat, and probably contributing to the 
development of horizontal rims on paddylike tide- 
pool systems. 

Variations in the characteristics of the reef flat 
and reef front depend on whether the surface is one 
of organic growth or erosion, whether it is backed 
by land or a lagoon, on the distribution and origin 
of radial grooves and spurs, on the kinds of local 
reef-building organisms, and on local conditions of 


wind, tide, and current. The origin of some of the 
reef flat and reef front features is briefly discussed. 
Stress is placed on the significance of erosion in the 
primary origin of patterns seen. Inhibition of organic 
growth by outward moving sediment trains is also 
considered important, especially in maintaining and 
extending initially erosional patterns. Organic over- 
growth has a conspicuous masking effect and at places 
has obliterated or supplanted erosional patterns. 

In general terms the existing reef complex at 
Saipan between the shore and the outer slope is 
divisible into 8 broad concentric zones that may be 
correlated in part with similar zones of other areas. 
In sequence from the sea shoreward these are reef 
front, peripheral reef flat, lagoon fringe of peripheral 
reef (or Acropora palifera zone), staghorn Acropora 
zone, offshore zone of accreting limesands with sea- 
weed, lagoon proper, nearshore zone of reef clusters, 
and nearshore zone of limesands with seaweed. 

The existing pattern is the temporary expression 
of a reef complex that appears to have persisted 
through much or all of Pleistocene time. The com- 
plexity of the whole can best be imagined in terms 
of probable fluctuations of facies boundaries that 
accompanied isostatic and tectonic shifts of sea level 
during that interval. 

The basically erosional nature of most fringing 
reef surfaces is stressed. Over the reef complex 
as a whole, however, lateral growth of reefs and 
sedimentation in the interareas and beyond the reef 
front results in long-term accretion of the total 
constructional-sedimentary mass. -- Auth. 


1-1887. Vyalov, O. S. PRELIMINARY DATA ON 
THE GEOLOGY OF THE ANTARCTIC COAST BE- 
TWEEN LONGITUDES 89° AND 107° E. Translated 
by Research Servicing Associates: Internat. Geology 
Rev., v. 1, no. 5, p. 24-28, 2 maps, May 1959. 


Along the Antarctic coast, between 89° and 107°E., 
nunataks, oases, and other bedrock outcrops consist 
of gneiss, granite, basic dikes, and leucite basalt. 
Morainal deposits also contain unmetamorphosed 
Cambrian dolomite and Devonian to Permian sand- 
stone and graywacke. Precambrian gneiss and 
granite, principally charnockite, predominate. 
Faulting apparently determined in part the morpho- 
logical character of the continent and of adjacent 
ocean bottoms. --Ed. abs. 


2. GEOMORPHOLOGY 


See also: Geologic Maps 1-1871; Areal and Regional 
Geology 1-1882, 1-1886; Paleontology 1-1917, 1-1923; 
Geochemistry 1-1949. 


1-1888. Plass, Gilbert N. CARBON DIOXIDE 
AND CLIMATE: Sci. American, v. 201, no. 1, 
p. 41-47, 2 illus., 4 graphs, July 1959. 


John Tyndall in 1861 attributed climatic tempera- 
ture changes to variations in the amount of carbon 
dioxide in the atmosphere. Carbon dioxide influ- 
ences climate because it has a broad absorption 
band at wave lengths near the wave lengths at which 
the earth's infrared radiation is most intense. A 
reduction of carbon dioxide content to .015%, or 
half of present amount, caused by cessation of 
volcanic activity or storage of great amounts in 
fossil fuels, would result in a world- wide drop in 
temperature of 6.99 F. This is a possible mecha- 


nism for glacial advances. 

Vast quantities of carbon dioxide are stored in 
the earth in rocks and fossil fuels, in the oceans 
and the biosphere. Equilibrium is established by 
exchange between the atmosphere and the oceans, 
but it takes thousands of years. In the past hundred 
years man has added about 360 billion tons of carbon 
dioxide to the atmosphere, increasing the content 
by about 13% and raising the temperature by a re- 
corded 1°F. If fuel consumption increases at the 
present rate we will have sent more than a trillion 
tons of carbon dioxide into the atmosphere by the 
year 2000 and raised the earth's average tempera- 
ture 3. 6° F.--M. Russell. 


1-1889. Taylor, Richard Spence. SOME PLEISTO- 
CENE LAKES OF NORTHERN ALBERTA AND AD- 


GEOMORPHOLOGY 


JACENT AREAS: Edmonton Geol. Soc., Quart., v. 


2, no. 4, p. 1-9, 3 maps, Dec. 1958, pub. M 
1959, 36 refs. : aed 


The extent of Pleistocene lakes in northern Alberta 
and adjacent areas is only partly shown on the 1958 
Glacial Map of Canada. A large body of literature 
reporting on field work of the past 75 years reveals 
the deposits of lakes that covered much of the basins 
of the Peace and Athabasca rivers. A striking 
example is Miette Lake, over 80 mi. long, which 
lay across the continental divide in the headwaters 
of the Fraser and Athabasca rivers. Lakes of con- 
siderable size also existed in the western part of the 
basins of the North Saskatchewan and Churchill rivers, 
and in the Hay River basin. These basins were all 
complexly interconnected by spillways or accordant 
surfaces. Two large lakes (Peace and Tyrrell) 
covered about 40% of northern Alberta's surface at 
various times. -- Auth. 


1-1890. Kempton, John P., and Richard P. 
Goldthwait. GLACIAL OUTWASH TERRACES OF 
THE HOCKING AND SCIOTO RIVER VALLEYS, 
OHIO: Ohio Jour. Sci. v. 59, no.3, p. 135-151, 5 
figs., May 1959, refs. 


Remnants of probable pre-Illinoian outwash, 2 
terrace levels of Illinoian outwash, and early and late 
Wisconsin terraces are described in Hocking Valley. 
Two levels of Illinoian outwash terraces and 3 late 
Wisconsin levels are recognized in the Scioto Valley. 
Early and late Wisconsin terraces are also described 
in a tributary, Paint Creek valley. The levels are 
differentiated by plotting profiles, by soil character- 
istics, by pebble counts, and by total carbonate 
content. 

Two substages of Illinoian glaciation are suggested 
by the presence of 2 distinct terrace levels and by 
Illinoian till overlying the upper level. The depth of 
soil development (8 ft. average) and loess cover on 
the terrace level below the Illinoian, but well above 
moraine-tied late Wisconsin terraces in Hocking and 
Paint Creek valleys, suggests a post-Sangamon glacia- 
tion prior to the late (conventional) Wisconsin sub- 
stages. 

The late Wisconsin involved 3 terrace levels, all 
traced to end moraines. The highest terrace origi- 
nated just inside the terminal moraine and might be 
Tazewell in age (17, 000 to 18, 000 years B. PR). Some 
evidence is presented that the intermediate Wisconsin 
level in the Scioto Valley and the lowest level in the 
Hocking Valley were simultaneous, possibly Blooming- 
ton (Tazewell ) in age. The lowest level in the Scioto 
Valley originated near Powell moraine which might 
be the time equivalent of outermost Cary substage 
in Illinois. --Auth. 


1-1891. Williams, P. J. AN INVESTIGATION 
INTO PROCESSES OCCURRING IN SOLIFLUCTION: 
Am. Jour. Sci., v. 257, no. 7, p. 481-490, 2 
illus., map, sec., graph, Summer 1959, 19 refs. 


The mechanics of solifluction downslope of a 
late snow patch has been investigated, using 
instrumental techniques new in this field, for the 
_ determination of soil pore-water pressures, 
density, and movement. Substantial changes in 
water content and considerable subsurface water 
flow occur together with changes in state of stress. 
Low and subatmospheric pore-water pressures were 
observed. To explain solifluction as being analo- 
gous to soil movement induced by impeded drainage 


over an impermeable layer is an oversimplification, 
which ignores fundamental characteristics of newly- 
thawed and frozen soils. It is doubtful to what ex- 
tent concepts of soil strength applicable under 

normal conditions apply during freeze-thaw processes. 
-- Auth. 


1-1892. Gooding, Ansel M., James Thorp, and 
Erling Gamble. LEACHED, CLAY-ENRICHED 
ZONES IN POST-SANGAMONIAN DRIFT IN SOUTH- 
WESTERN OHIO AND SOUTHEASTERN INDIANA: 
Geol. Soc. America, Bull., v. 70, no. 7, p. 921- 
925, 3 secs., July 1959, 8 refs. 


We believe that the post-Sangamonian leached, 
clay-enriched zones in outwash beneath calcareous 
till in southwestern Ohio and southeastern Indiana 
are related to the present landscape and are exten- 
sions of the present surface soils. The sands and 
gravels have been leached and illuviated by water 
that has passed through present surface soils and 
joints in the thin overlying calcareous till. They 
occur at several stratigraphic horizons in this area 
and can be expected wherever the necessary condi- 
tions of good drainage through jointed surface till 
on outwash exist. The interpretation of these 
leached, clay-enriched zenes in outwash beneath 
calcareous till as paleosols will inevitably lead to 
erroneous conclusions. -- Auth. concl. 


1-1893. Goldthwait, Richard P. LEACHED, 
CLAY-ENRICHED ZONES IN POST-SANGAMONIAN 
DRIFT IN SOUTHWESTERN OHIO AND SOUTHEAST- 
ERN INDIANA: A REPLY: Geol. Soc. America, Bull., 
v. 70, no. 7, p. 927-928, July 1959, 5 refs. 


The more convincing evidence for the paleosol 
hypothesis was 1) horizontal continuity for 100-200 
ft. and depth to 4 or 5 ft. of this leached clay-en- 
riched zone in a few places, and 2) the significant 
thickness of blue unoxidized till seen over a few of 
those “paleosols. "--M. Russell. 


1-1894. Chorley, Richard J. THE GEOMORPHIC 
SIGNIFICANCE OF SOME OXFORD SOILS: Am, 
Jour. Sci., v. 257, no. 7, p. 503-515, map, diag., 
6 graphs, table, Summer 1959, 9 refs. 


An investigation of the physical properties 
of soils derived from the Upper Greensand, Shot- 
over Sand, Kimmeridge Clay and Oxford Clay forma- 
tions in the Oxford region, England, reveals 
striking differences between them. Soil shearing 
resistances, measured with a Vicksburg needle- 
type penetrometer, can be related to a theoretical 
Index of Resistance derived from numerical values 
of soil moisture, density, and range of grain sizes. 
Combining this Index with an estimated Coefficient 
of Permeability, the relative resistance of each 
soil type to sheet erosion can be estimated as an 
Index of Erodibility, which is found to bear an im- 
pressive relationship to the relief maintained by 
each geological formation. -- Auth. 


1-1895. Barnett, Lincoln. THE MYSTERY OF 
CORAL ISLES: Life, v. 47, no. 3, p. 54-68, 19 
illus. incl. 17 col., July 20, 1959. 


Representative organisms of the reef environment 
are shown in detailed color photographs; one shows 
fluorescence of deep-sea corals. Darwin's role in 
postulating the most widely accepted hypothesis of 
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atoll development and his stature as a geologist are 
emphasized. The heart of the Darwin theory of atoll 
development is subsidence of an actively growing coral 
community. --M. Russell. 


1-1896. Verstappen, Herman Th. GEOMORPHO- 
LOGY AND CRUSTAL MOVEMENTS OF THE ARU 
ISLANDS IN RELATION TO THE PLEISTOCENE 
DRAINAGE OF THE SAHUL SHELF: Am. Jour. 
Sci., v. 257, no. 7, p. 491-502, 3 illus., 2 maps, 
diag., graph, table, Summer 1959, 16 refs. 


The Aru islands form an oblong geanticlinal 
upwarp of the Sahul shelf to the WNW. of Australia. 
Many contradictory opinions have been expressed so 
far concerning their lithological structure and their 
recent tectonics. The author's conclusions - based 
on field observations and on a study of photogram- 
metric maps - are preceded by a discussion of the 
work of former investigators. 

Geomorphologically the archipelago is a low 
plateau with slight undulations. Structural terraces 
are common and have been wrongly attributed to 
Recent uplifting by several authors. Sunken coast 
lines and drowned abrasion platforms indicate sub- 
sidence of the outer zones in Recent times. 

The most remarkable geomorphic phenomena 
of the group, i.e. the channels or “sungi" between 
the islands, are explained as a result of a pattern 
of diagonal shear joints. The youthful appearance 
of part of these joints points to a continued warping 
of the Aru rise in sub-Recent or even Recent times. 
Neither the channels nor the submarine relief of the 
Sahul shelf have any connection with the Pleistocene 
courses of New Guinea rivers, as has often been 
suggested. -- Auth. 


1-1897. Neuburg, H.A.C., E. Thiel, P. T. 
Walker, J. C. Behrendt, and N. B. Aughenbaugh. 
THE FILCHNER ICE SHELF: Assoc. Am. Geo- 
graphers, Annals, v. 49, no. 2, p. 110-119, 7Tillus., 
2 maps, June 1959. 


A map of the Filchner ice shelf, a map showing 
its magnetic declination, and a description of its 
major geographic features are given. Fifty miles 
S. of Ellsworth is Grand Chasm, a rupture in the 
ice shelf 60 mi. long, from a quarter of a mile to 
3 mi. wide, and with a surface of jumbled ice 
175 ft. below the shelf level. Hubley Island, 
located at the W. cape of Gould Bay, is bordered on 
the E. by escarpments and embayments; along the 
route of traverse its rock surface was determined 
seismically to be nearly at sea level. The Crary 
trough separates the Tertiary mountains of Palmer 
Peninsula from the Precambrian shield of E. 
Antarctica; it averages 3,500 ft. below sea level. 
The Dufek massif, at 82°40'S. 50° - 54° W., is 
about 30 mi. long, from 2 to 10 mi. wide, and pro- 
trudes about 5,000 ft. above the ice level to alti- 
tudes of about 8,000 ft. From a distance the rocks 
of the massif appear to be layered sedimentaries, 
but actually they are igneous, primarily gabbros, 
with slight compositional differences in layers 
which may be due to relict sedimentary features or 
magmatic differentiation. Ice-free ground showed 
polygonal ground, moraines,and a meltwater lake 
containing the alga Phormidium incrustatum. 

Korff Island has a crest 1, 300 ft. high, but seismic 
studies indicate the rock surface to be below sea 
level. The Filchner ice shelf is approximately 

160, 000 sq. mi. in area. -- M. Russell. 


3. STRUCTURAL GEOLOGY 


See also: Geomorphology 1-1896; Geophysics 1-1945; 
Igneous and Metamorphic Petrology 1-1991; Fuels 1-2043, 
1-2056, 1-2057, 1-2059, 1-2061, 1-2069, 1-2083, 1-2085, 
eae 1-2103, 1-2106, 1-2116, 1-2121, 1-2122, 1=2125, 
=21:26'3 


1-1898. Whiting, F. B. STRUCTURAL BELTS 
AND MINERAL DEPOSITS OF NORTHWESTERN 
ARGENTINA: Econ. Geology, v. 54, no. 5, 

p. 903-912, 4 maps, 2 cross secs., Aug. 1959, 
6 refs. 

In northwestern Argentina 3 belts that differ in 
topography differ also in structure, in type of 
igneous activity, and in their mineral deposits. 

The belts trend NNE. parallel to the main line of 
the Andes Mountains. 

The easternmost belt is a lowlying area of gentle 
folds, with a fairly complete stratigraphic section, 
no acidic intrusives, very little basic intrusive 
rock, no volcanic activity, and few metal deposits. 

The central belt is a zone of strong regional 
thrust faulting and uplift, and is the main zone of 
movement between the lowlands to the E. and the 
high Andean plateau to the W. The sedimentary 
column is less complete, as the area was uplifted 
during much of geologic time. Granitic intrusions 
are spread throughout the belt. Late volcanic 
activity is lacking. Mineral deposits consist of 
numerous veins and one replacement deposit, with 
Pb, Zn, Ag, Cu, barite, and other metals. The 
Aguilar mine, largest in Argentina, is situated 
within this belt. 

The westernmost belt is a high plateau with many 
Precambrian areas, a scanty Paleozoic and Mesozoic 
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section, and abundant volcanoes. Late granites are 
absent. Mineral deposits are Cu and Fe, associated 
with Precambrian granodiorites, and Ag, Sn, Au, 
Sb, borax, and S, associated with the young 
volcanic rocks. -- Auth. 


1-1899. Tikhomirov, V. G. INHERITED TRENDS 
IN THE DEVELOPMENT OF THE PALEOZOIC 
STRUCTURES OF THE SARYSU-TENIZ UPLIFT 
(CENTRAL KAZAKHSTAN). Translated by L. 
Drashevska: Internat. Geology RevVc5 Vig Ly TOSEoS 
p. 41-50, 5 maps, May 1959, 14 refs. 


The history of the development of the structural 
forms in the Sarysu-Teniz uplift, central Kazakhstan 
[U.S.S.R. ], is expressed in the lower Caledonian, 
late Caledonian, and upper Hercynian. The first 
period is characterized by meridional folding which 
resulted in the formation of the Paleozoic geosyncline. 
In the second period, development of the geosyncline 
ceased, and volcanic activity, both effusive and 
intrusive, was intense. The principal tectonic ele- 
ments of the Devonian (late Caledonian) were in- 
herited from the lower Paleozoic. In Middle Devonian, 
extensive faulting occurred. These "newborn" 
Hercynian structures, developed on older Caledonian 
structures, were not determinative for this region. 
During the third period of tectonic deformation, 
large W.- and NW.-trending fold-blocks, called 
graben-synclines and horst-anticlines, were formed. 
Because the structural features of the first 2 periods 
are structurally similar and trend in the same 
direction, the differing third period is superimposed 
disconcordantly. -- Auth. 


4. STRATIGRAPHY AND HISTORICAL GEOLOGY 


See also: Areal and Regional Geology 1-1884; Fuels 
1-2030, 1-2031, 1-2037, 1-2038, 1-2044, 1-2045, 1-2049, 
1-2065, 1-2072, 1-2074, 1-2081, 1-2092, 1-2098, 1-2116. 


1-1900. Maher, JohnC. THE COMPOSITE INTER- 
PRETIVE METHOD OF LOGGING DRILL CUTTINGS: 
Oklahoma Geol. Survey, Guide Book 7, 48 p., 14 figs. 
incl. 24 illus., 3 diags., 5 logs., fold col. pl., 6 
tables, 1959, 56 refs. 


Stratigraphic analysis of sedimentary basins has 
become an important part of exploration programs 
in the petroleum industry. The accuracy of the 
analysis and the conclusions drawn therefrom are 
affected greatly by the type and quality of well logs 
used in the analysis. Well logs are prepared in 
many different ways and for many different purposes. 
Some are expressed directly in lithologic char- 
acteristics; others are expressed in measurements 
of natural or induced characteristics from which 
lithologic characteristics or attitudes of strata may 
be deduced. The first type includes drillers logs 
and sample logs; the second type includes electric 
logs, radioactivity logs, drilling-time logs, and 
many special-purpose logs. At the present time 
the logs which approach the closest to an all-purpose 
log are the sample log, the electric log, and the 
radioactivity log. Fortunately all 3 of these logs 
may be used together in such a way that the specific 
weakness of any one is counteracted. A combination 
of electric or radioactivity-log data with sample-log 
data, plotted in lithologic terms, provides what is 

‘termed a composite interpretive log. 

A composite interpretive log is basically a de- 
tailed sample log with important refinements adapted 
from other types of logs. It is primarily a research 
too] that has been derived from the experience of 
thousands of geologists, who have used different me- 
thods of sample examination and different terminology, 
abbreviations, and symbols. 

In the preparation of a composite interpretive log, 
the microscope is placed on the left-hand extension 
leaf of the desk for a right-handed geologist or the 
right-hand extension leaf for a left-handed geologist. 
One or two previously completed sample logs of 
nearby wells adjusted to proper correlation, side-by- 
side and overlapped to the well columns, are laid 
parallel to the edge of the desk, followed by the log 
form on which the descriptions will be plotted. The 
electric log or radioactivity log reduced to log 
scale (1 in. = 100 ft. ) is then laid alongside the log 
form but not overlapping it. All logs are weighted 
or taped in place at the top and bottom. A steel 
straightedge is laid parallel to the first sample-log 
column and a 6-inch triangle is placed so that it can 
be slid up and down along the straightedge to maintain 
correlative points on all logs and to plot the lithology 
on the log form. This permits the concurrent examina- 
tion of the samples and logs, the bed-for-bed correc- 
tion of sample data with the electric or radioactivity 
log, and the plotting of the adjusted sample data on the 
log form. 

_ The general examination of the samples is made 
under the microscope using 6. 3X magnification; 
critical details, minute features, and fine cuttings 
are examined under 18X or 27X magnification. 
Special examinations for fine details, such as faint 
odlites and microfossils, are made with the cuttings 
placed in a shallow pan of water. The samples are 
examined, described, and plotted on the log in one 
operation. The abbreviated description of the sample 
is lettered with a crow-quill pen arid drawing ink at 
the right of the well column. Following this, symbols 
both in black ink and color are plotted in the well 
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column and to the left of the column. 

In order to avoid the confusion caused by the 
indiscriminate mingling of rock, particle, 
and special terms in the description lettered on the 
log, the writer has found the following order of 
description to be useful: (1) rock characteristics, 
(2) particle characteristics, (3) special characteristics, 
Rock characteristics are described in the following 
order: (1) ascertainable mega-features, (2) color 
pattern and color, (3) accessories, (4) structure, 
(5) luster, (6) sorting, cementation, and porosity, 
(7) grain size, (8) composition-x-constituent, 
y-constituent, and z-constituent (rock type). The 
significant particles that are described individually 
are grains and crystals, chert, odlites and pisolites, 
fossils, and insoluble residues. The principal 
characteristics of grains and crystals and the se- 
quence of their description are: (1) staining and 
color, (2) luster, (3) relief, (4) rounding, (5) 
sphericity, (6) crystal development, (7) size, (8) 
composition and particle type. The principal 
characteristics of chert and the sequence of their 
description are: (1) color pattern and color, (2) 
accessories, (3) structure, (4) luster, (5) opacity, 
(6) texture, (7) composition.. The principal 
characteristics of odlites and pisolites and the 
sequence of their description are: (1) color, (2) 
shape, (3) structure, (4) texture, (5) size, (6) 
composition, (7) particle type. Special char- 
acteristics described include oil staining, 
fluorescence under ultraviolet light, and the con- 
dition of the samples. -- Auth. 


1-1901. Robinson, G. D. MEASURING DIPPING 
BEDS: GeoTimes, v. 4, no. 1, p. 8-9, 24-25, 27, 
diag., July-Aug. 1959. 


The Jacob staff, incorporating the Abney topo- 
graphic level, is a simple and adequately accurate 
instrument for measuring the thickness of strata 
dipping from 5° to 50°. Its history, construction, 
and method of use are discussed. --M. Russell. 


1-1902. Heath, James P. DATING CHAOS 
JUMBLES, AN AVALANCHE-DEPOSIT IN LASSEN 
VOLCANIC NATIONAL PARK: Am. Jour. Sci., v. 
257, no. 7, p. 537-538, graph, Summer 1959, 

2 refs. 


Counts of tree rings were employed to date a 
major avalanche deposit. This technique required 
the evaluation of assumptions as to delays in seed- 
ing and errors in coring. The data suggest a date 
of origin between 1684 and 1696. -- Auth. 


11-1903. Hurley, Patrick M., Arthur J. Boucot, 
A. L. Albee, Henry Faul, W. H. Pinson, and 

H. W. Fairbairn. “MINIMUM AGE OF THE LOWER 
DEVONIAN SLATE NEAR JACKMAN, MAINE: 
Geol. Soc. America, Bull., v. 70, no. 7, p. 947- 
949, 2 tables, July 1959, 11 refs. 


A biotite quartz monzonite stock intrudes the 
Lower Devonian (Oriskany) Seboomook slate, near 
Jackman, Maine. K-Ar and Rb-Sr age measurements 
on these rocks establish that the age of the monzonite 
is at least 360 million years. --M. Russell. 


5. PALEONTOLOGY 


See also: Fuels 1-2134. 


1-1904. Wolfenden, E. Brian. NEW SPONGES 
FROM LOWER CARBONIFEROUS REEFS OF 
DERBYSHIRE AND YORKSHIRE, ENGLAND: Jour. 
Paleontology, v. 33, no. 4, p. 566-568, 3 illus. 
on pl., July 1959, 7 refs. 


Two new sponges from the lower Carboniferous 
of England are described; one represents a new 
species of Microspongia (Microspongia castleton- 
ense n. sp.) and the other is a new genus (Radia- 
tospongia carbonaria n. gen. and n. sp. ). The 
sponges are confined to reef limestone in reef com- 
plexes in Derbyshire and Yorkshire. -- Auth. 


1-1905. Sloan, Robert E. AN OCCURRENCE 
OF DESMOGRAPTUS CANCELLATUS IN THE 
STEWARTVILLE DOLOMITE OF MINNESOTA: Jour. 
Paleontology, v. 33, no. 4, p. 680-681, illus., July 
1959, 6 refs. 


The first recorded occurrence of the dendroid 
graptolite Desmograptus cancellatus (Hopkinson) 
in the upper Mississippi Valley is from the middle 
Ordovician Stewartville member of the Galena for- 
mation in Fillmore County, Minnesota. It was 
found 6 ft. above the base of the upper Receptaculites 
oweni zone in mottled recrystallized, calcareous 
dolomite. --M. Russell. 


1-1906. Unklesbay, A. G., and Walter B. 
Niewoehner. ATTACHMENT LOOPS ON INFANT 
BRACHIOPODS FROM THE LOUISIANA LIMESTONE 
IN MISSOURI: Jour. Paleontology, v. 33, no. 4, 

p. 547-549, 14 illus. onpl., July 1959, 9 refs. 


Shaly partings in the Louisiana limestone in 
northeastern Missouri contain many small brachio- 
pods. Some of these have been described as 
Strophalosia and Leptalosia. Recently discovered 
ones, however, appear to belong to neither of these 
genera but are infantile representatives of the genus 
Productella. The pedicle valve of these minute forms 
bears a loop formed by the upward curving growth 
of a pair of spines on opposite sides of a shallow 
median groove. This loop was apparently used in 
infant stages as a means of attachment to the spines 
of adults or to the spines and stems of crinoids. 
Although larger specimens of Productella are 
spinose, the attachment loops are not present on 
those larger than 10 mm. in width. -- Auth. 


1- 1907. Valentine, James W. PLEISTOCENE 
MOLLUSCAN NOTES. I. THE BAY POINT FORMA- 
TION AT ITS TYPE LOCALITY: Jour. Paleontology, 
Maat no. 4, p. 685-688, map, table, July 1959, 8 
refs. 


Thirty mollusks are known definitely from the 
Pleistocene Bay Point formation at its type locality 
at Crown Point, San Diego County, California. The 
pelecypod Donax gouldi is the most abundant, and 
in places the rock is a Donax coquina. The formation 
as a whole is an open sandy beach deposit. The 
presence of Rissoina nereina and the echinoid Mellita 
longifissa indicates that sea-water temperatures 
were warmer than now. --M. Russell. 


1-1908. Reynolds, Martin B. PLEISTOCENE 
MOLLUSCAN FAUNAS OF THE HUMBOLDT DEPOSIT, 


i 


ROSS COUNTY, OHIO: Ohio Jour. Sci., v. 59, no. 3, 
p. 152-166, 6 figs., May 1959, refs. 


The Humboldt deposit is exposed in the walls of 
Buckskin Creek valley at Humboldt, Paint Township, 
Ross County, Ohio. It consists of lacustrine marls 
and clays about 10 ft. thick between 2 tills of Wis- 
consin age. The molluscan faunas consist of 5 species 
of Pisidium, 2 of Sphaerium, Amnicola leightoni (F. C. 
Baker), Campeloma sp., cf. C. rufum (Haldeman), 
Ferrissia tarda (Say), Fossaria obrussa decampi 
(Streng), Gyraulus altissimus (F. C. Baker), Heli- 
soma anceps striatum (F. C. Baker), H. trivolvis 
(Say), Menetus operculis multilineatus (Vanatta), 
Physa gyrina (Say), Promenetus exacuous (Say), and 
Valvata tricarinata (Say). - 

Variations in abundance for each species were 
plotted from collections 12 x 12 x 2 in. in volume, 
taken from a measured section of the deposit. Sixteen 
thousand shells were sorted and identified from these 
collections. Gyraulus altissiumus, Helisoma anceps 
striatum, Amnicola leightoni, and Valvata tricarinata 
are indigenous to the deposit, and the other species 
are intruders from nearby environments. The quan- 
titative distribution of the Mollusca is closely related 
to minute lithologic changes. Variations in abundance 
of each species from bottom to top of the deposit re- 
flect minor changes in environment. The absence of 
land snails from this deposit is remarkable. It may 
be due to the fact that the collections were taken from 
a point some 150 ft. from the shore of the lake. -- 
Auth. 


1-1909. Valentine, James W., and Takeo Susuki. 
TURRITELLA GRANTI, A NEW PLEISTOCENE 
GASTROPOD FROM PALOS VERDES HILLS, CALI- 
FORNIA: Jour. Paleontology, v. 33, no. 4, p. 688- 
691, 6 illus., 3 maps, July 1959, ref. 


A new species of Turritella, T. granti Valentine 
& Susuki, is based on a single specimen collected 
from lower Pleistocene Timms Point silt at Palos 
Verdes Hills, California. The species is dis- 
tinguished by a high maximum of spiral sinus and 
a negative growth-line angle. --M. Russell. 


1-1910. Krinsley, David, and Robert Bieri. 
CHANGES IN THE CHEMICAL COMPOSITION OF 
PTEROPOD SHELLS AFTER DEPOSITION ON THE 
SEA FLOOR: Jour. Paleontology, v. 33, no. 4, 

p. 682-684, 2 tables, July 1959, 7 refs. 


Al, Mg, Mn, Cu, and Sr concentrations in 
modern and fossil pteropod shells are examined. 
Post-depositional mixing on the sea floor is indi- 
cated by the presence of stained and unstained 
ie shells in the same layer of core material. 
--Auth. 


1-1911. Ghosh, B. K. SOME FOSSIL FISH TEETH 
FROM TERTIARY DEPOSITS OF MAYURBHANJ ; 
INDIA: Jour. Paleontology, v. 33, no. 4, p. 675-679, 
19 illus. on pl., diag., table, July 1959, 15 refs. 


Nine species of fish teeth from limestone and clay 
of questionable lower Miocene age are described. 
Two new varieties Aetobatis arcuatus var. baripa- 
densis, and Hypolophus sylvestris var. mohuliyi are 
Proposed. The age of the containing beds is dis- 
cussed. -- Auth. 


1-1912. Hoffmeister, Donald F 
- NEW CRICETID 
RODENTS FROM THE NIOBRARA RIVER FAUNA, 


PALEONTOLOGY 


NEBRASKA: Jour. Paleontology, v. 33, no. 4, p. 
696-699, 2 illus., July 1959, ref. 


Systematic description is given of 2 new cricetid 
rodents of the late Miocene Niobrara River fauna, 
collected at the Niobrara Game Preserve, Cherry 
County, Nebraska. They are Miochomys niobrarien- 
sis Hoffmeister, n. gen. andn. sp., based on part 
of a left maxilla bearing M!, and Peromyscus kellog- 
gae Hoffmeister, n. sp., based on part of a left 
mandible with ML. --M. Russell. 


1-1913. Kirkby, Ruth A. A METHOD FOR ETCHING 
ROCKS: Gems & Minerals, Apr. 1959, no. 259, p. 
28-32, 11 illus. 


Microfossils may be recovered in perfect condition 
from host rocks by use of suitable dissolution tech- 
niques involving acids. Formic acid is preferred. 
Methods are described in detail, and step by step 
procedures are keyed to photographs. Techniques 
and equipment for mounting recovered fossils are 
also described. --J. Sinkankas. 


1-1914. Benson, Bruno L. MICROFOSSILS AT 
SANTA BARBARA: Gems & Minerals, March 1959, 
no. 258, p. 30-33, 6 illus., sketch map. 


The Santa Barbara, California, microfossil locality 
is briefly described and the fossil illustrated by ac- 
_companying photographs. Principally found are 
Bryozoa, Ostracoda, and Foraminifera. --J. Sinkankas. 


1-1915. Hendrix, W. E. A NEW METHOD OF 
FORAMINIFERAL CORRELATION: Jour. Paleon- 
tology, v. 33, no. 4, p. 588-605, 14 figs. incl. 
map, 2 secs., July 1959, 6 refs. 


A new means of correlation which does not re- 
quire the presence of guide fossils has been developed 
and successfully tested. This method is new in that it 
utilizes the complex inter-relationships formed by 
overlapping occurrence patterns of individual species 
to develop time correlations instead of developing 
correlations by the matching of faunas. It augments 
but does not supplant present methods. It provides a 
means of determining sedimentary foraminiferal con- 
trols and of separating them from other environmental 
controls. It also provides a means of testing the 
reliability of guide markers. -- Auth. 


1-1916. Hooper, Kenneth. K-RAY ABSORPTION 
TECHNIQUES APPLIED TO STATISTICAL STUDIES 
OF FORAMINIFERA POPULATIONS: Jour. Paleon- 
tology, v. 33, no. 4, p. 631-640, 3 illus., 7 diags., 
July 1959, 18 refs. 


Projection microradiography (P. M. R. ) and contact 
microradiography (C. M. R. ) are applied to the elucida- 
tion and measurement of foraminifer microstructures. 
The Cosslett and Nixon projection X-ray microscope 
is used to produce microradiographs showing internal 
structures of the foraminifer Operculina. Details are 
given of a camera holding a maximum of twelve 5- 
cm. specimens (or a greater number of smaller 
ones) and using 35 mm. film. 

Also, a C.M.R. technique using X-ray diffraction 
equipment and maximum resolution plates is shown 
to give microradiographs revealing internal structures 
for approximately 200 specimens per exposure. The 
image of each specimen is enlarged photomicrographi- 
cally upon 35 mm. film strip. Some 14,000 measure- 
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ments and counts of internal structures are taken from 
enlarged projected film strip images. The data are 
used in statistical studies of South Australian Oper- 
culina populations of Tertiary age (K. Hooper, 1958). 
Errors, due to penumbral blurring, emulsion grain 
size, resolution limits, photomicrography, and pro- 
jection are less than 5%; those of pencil line thickness 
are less than 10%. Total percentage errors vary in- 
versely with size of the structure measured but are 
normally considerably less than maximum. 

A comparative test with the conventional sectioning 
method (measuring proloculus diameter) shows errors 
of + 7%. It is claimed that microradiographic methods 
are nondestructive, speedy, more accurate than 
sectioning methods, and suitable for quantitative 
foraminifer population studies. -- Auth. 


1-1917. Ericson, David B. COILING DIRECTION 
OF GLOBIGERINA PACHYDERMA AS A CLIMATIC 
INDEX: Science, v. 130, no. 3369, p. 219-220, map, 
July 24, 1959, 5 refs. 


An interdependence between the geographical 
distribution of dextral and sinistral populations of 
the planktonic foraminifer, Globigerina pachyderma, 
and sea surface temperatures is demonstrated. It 
is inferred that changes in dominant coiling directions 
at lower levels in sediment cores from the North 
Atlantic record southward shifts of isotherms during 
the last ice age. -- Auth. 


1-1618. Garrison, Lowell E. MIOCENE 
FORAMINIFERA FROM THE TEMBLOR FORMA- 
TION NORTH OF COALINGA, CALIFORNIA: Jour. 
Paleontology, v. 44, no. 4, p. 662-669, 87 illus. 
on 4pls., illus., map, July 1959, 14 refs. 


The occurrence of 34 foraminiferal species from 
the Temblor formation, cored in a well N. of 
Coalinga, California, is described. This fauna is 
divisible into 2 parts, Miocene in age and represent- 
ing a shallow environment of deposition. Three 
species and one variety are described as new: 
Glabratella becki, Siphonina temblorensis, Episto- 
minella nova, n. spp,; Nonionella limbato-striata 
Cushman evoluta n. var. -- Auth. 


1-1919. Reiter, Martin. SEASONAL VARIATIONS 
IN INTERTIDAL FORAMINIFERA OF SANTA 
MONICA BAY, CALIFORNIA: Jour. Paleontology, 
v. 33, no. 4, p. 606-630, 3 illus. onpl., 10 figs. 
incl. 2 maps, charts, graphs, 11 tables, July 
1959, 44 refs. 


Seven sampling localities were established within 
the intertidal zone of Santa Monica Bay, California. 
Weekly collections of sand samples were made dur- 
ing the period from Sept. 22, 1956 to Apr. 18, 1957, 
and a total of 30 samples was collected at each sta- 
tion. The sand was analyzed for foraminiferal con- 
tent, median grain size, and degree of sorting in 
order to determine seasonal variations in both the 
sand and the Foraminifera. A total of 53 genera 
and 129 species of Foraminifera was found. Only 
17 of these species were found living in this inter- 
tidal environment. One new species, Scutuloris 
redondoensis, is described. There is evidence that 
planktonic Foraminifera are carried into shore at 
times of storm activity. Also, a reworking of fossil 
fauna both from offshore sediments of Miocene and 
Pliocene age and from the Pleistocene strata crop- 
ping out in the marine cliffs bordering the beaches 
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is indicated. A correlation is established between 
the abundance of Foraminifera and the median grain 
size of the sand. 

The temperature of the sea water has a direct 
bearing on seasonal variations in living foraminiferal 
assemblages, and affects the total number of speci- 
mens found in the beach sands. Wave activity and 
longshore current, on the other hand, cause a 
seasonal variation in the number of reworked and 
displaced Foraminifera, since these are the prime 
methods by which the tests are brought to the beach. 

During the course of this survey, data as to the pH, 
salinity, heavy mineral concentration, and calcium 
carbonate percentage were collected. These factors 
varied very slightly, and, therefore, did not notice- 
ably affect the seasonal trends of the foraminiferal 
assemblages. -- Auth. 


1-1920. Danner, Wilbert R. PERMIAN MICRO- 
FOSSILS OF NORTHWESTERN WASHINGTON: Rocks 
and Minerals, v. 34, nos. 3-4 (whole no. 269), p.99- 
104, 3 illus., March-Apr. 1959, 8 refs. 


Permian fusulinids from limestones in northwestern 
Washington are described, and 7 localities where they 
may be collected are indicated: Brief directions for 
preparation of slides for observation under a micro- 
scope are furnished. --J. Sinkankas. 


1-1921. Bhatia, S. R., and Krishna Mohan. 
MIOCENE (BURDIGALIAN) FORAMINIFERA FROM 
KATHIAWAR, WESTERN INDIA: Jour. Paleon- 
tology, v. 33, no. 4, p. 641-661, 127 illus., July 
1959, 41 refs. 


Sixty foraminiferal species and varieties are 
recorded from the Miocene (Burdigalian) beds of 
Kathiawar, western India: These include one new 
species - Palmerinella raoi. The paleoecology of 
the beds is discussed. The foraminiferal evidence 
suggests a gradual increase in the depth of the 
oceanic basin following the initial marine trans- 
gression in the area. The fauna shows affinity with 
the Indo-Pacific forms, although a certain admix- 
ture with the "European" species is noticeable. 

-- Auth. 


1-1922. Polski, William. FORAMINIFERAL 
BIOFACIES OFF THE NORTH ASIATIC COAST: 
Jour. Paleontology, v. 33, no. 4, p. 569-587, 

5 illus. on pl., 19 maps, chart, graph, 3 tables, 
July 1959, 51 refs. 


A total of 158 bottom samples from the northern 
Asiatic shelf were examined .in order to determine 
the horizontal and vertical variations in the distribu- 
tion of the foraminiferal populations. Salinity, 
temperature, depth, and currents were studied in an 
attempt to determine the controlling factors in the 
distribution of the faunas. 

It was found that the foraminiferal number, per- 
centage of the planktonic population, and species 
number increase with depth and distance from shore. 
The ostracod number, however, was highest near 
the edge of the continental shelf. A depth stratifica- 
tion of some of the planktonic species was noted. 

The arenaceous and porcelaneous populations 
were most characteristic of depths less than 250 ft. , 
whereas hyaline populations predominate in deeper 
water. Five distinct faunal zones were found be- 
tween the depths of 50 ft. to 4,400 ft. 

Phosphatized Foraminifera and sediments located 
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in the zone of the shelf edge are probably relics of 
lower sea levels. The degree of preservation of the 
modern Foraminifera appears to be related to the 
rate of sedimentation and the length of time exposure. 

Depth alone does not appear to be the main control 
of faunal assemblages. The Kuroshio current ap- 
pears to be a major factor in the final distribution of 
planktonic forms and possibly those benthonic forms 
living at depths within the effects of the current. It 
is probable that salinity, temperature, sediment 
characteristics, and organic contents are all impor- 
tant ecologic factors. 

Two varieties of Foraminifera are described as 
new. -- Auth. 


1-1923. Hamilton, Edwin L., and Robert W. Rex. 
LOWER EOCENE PHOSPHATIZED GLOBIGERINA 
OOZE FROM SYLVANIA GUYOT: U. S. Geol. Sur- 
vey, Prof. Paper 260-W, p. 785-798, 6 illus., June 
1959, 32 refs. 


Dredge hauls on the top of Sylvania Guyot, the 
seamount adjacent to Bikini Atoll, Marshall Islands, 
were made by 1950 Mid-Pacific Expedition of the 
Scripps Institution of Oceanography and the U. S. 
Navy Electronics Laboratory. Sylvania has a very 
flat top at about 705 fathoms and is connected to 
Bikini Atoll by a saddle at a depth of 790 fathoms; 
the adjacent sea floor is deeper than 2,500 fathoms. 

The dredge haul from Mid-Pacific station 43-A 
included tuff-breccia with cracks filled with a 
phosphatized fauna of earliest Eocene age dominated 
by Globorotalia velascoenis and G. aragonensis; the 
nearest faunal affinity of this assemblage, the oldest 
in the northern Marshall Islands, is with similarly 
occurring faunas from the Mid-Pacific mountains 
about 1,000 mi. to the E. and with faunas from the 
Paleocene and Eocene deposits of the Tampico embay- 
ment region of Mexico. 

In the dredge hauls from Mid-Pacific stations 43-D 
and 43-DD, the fossil planktonic fauna was from the 
Miocene. The material from 43-D is correlated with 
the Globigerinatella insueta zone of the Caribbean; 
the material is about the same age as that found on 
Saipan. 

The new evidence from Sylvania Guyot fits well 
into that previously determined and indicates the 
probability that in Late Cretaceous or earliest 
Tertiary time Sylvania was eroded to a flat bank; 
Bikini Atoll at this time was probably a younger and 
higher feature which had been little eroded. Fast 
subsidence in the Late Cretaceous or early Tertiary 
left Sylvania Guyot as a relatively deeply submerged 
flat bank while Bikini Atoll was at, or above, the 
surface. Subsequent submergence was relatively 
slow, so that a great reef grew on Bikini Atoll while 
planktonic Foraminifera were being deposited on the 
top of Sylvania Guyot. -- Auth. 


1-1924. Ethington, R. L., and W. M. Furnish. 
ORDOVICIAN CONODONTS FROM NORTHERN 
MANITOBA: Jour. Paleontology, v. 33, no. 4 

p. 540-546, 20 illus. on pl., fig., July 1959, 
15 refs. 


A small collection of conodonts is described from 
the Shammattawa limestone at a single locality. 
These are the first such fossils known from the 
American Arctic or Subarctic and come from about 
S59°N. lat., in association with an abundant mega- 
fauna. Collectively they are similar to other Upper 
Ordovician conodonts. Of the 18 identified species, 
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only 3 are defined as new. One new genus, 
gnathus (type: P. nelsoni, 
uth, 


Plega- 


n. sp.) is proposed. -- 


1-1925. Collinson, Charles W., Carl B. Rexroad, 


and Alan J. Scott. ABUNDANCE AND STRATIGRAPHIC 


DISTRIBUTION OF DEVONIAN AND MISSISSIPPIAN 
CONODONTS IN THE UPPER MISSISSIPPI VALLEY: 
Jour. Paleontology, v. 33, no. 4, p. 692-696, geol. 
column, 3 graphs, July 1959, 3 refs. 


Conodonts are widely distributed both strati- 
graphically and geographically in rocks of Devonian 
and Mississippian age in the upper Mississippi Val- 
ley. The stratigraphic distribution of conodonts and 
the relationship of their occurrence to lithology 
indicate that conodonts were continuously present 
and rather uniformly abundant in the seas during 
Devonian-Mississippian time. Accordingly, the 
rate of deposition of sediments may be the most 
important factor governing conodont occurrence. 

In sandstones, such as those of the Chester series, 
sedimentation rates were high and the sandstones 
are virtually barren of conodonts. Kinderhook shales, 
on the other hand, are the result of irregular rates 
of clay and silt deposition and contain many zones 
of very high conodont yields interspaced with zones 
of low or no yield. In most of the limestones, 
stratigraphic distribution of conodonts is much more 
uniform than in shale samples, but average yields 
are lower. Most limestones thus appear to be the 

' result of moderately slow, but rather constant, 
deposition. A paucity of conodonts in the Louisiana, 
McCraney, and Glen Park limestones may indicate 
that those formations are the result of rapid deposi- 
tion. 

Bottom environment appears to be a minor factor 
in the distribution of conodonts in marine rocks. 
Rexroad has shown by study of the Glen Dean that 
the nature of the conodont fauna is not significantly 
affected by lithologic variations. Conodonts ap- 
parently do not occur in nonmarine or brackish- 
water sediments. -- Auth. summ. 


1-1926. Scott, Alan J., and Charles W. Collinson. 
INTRASPECIFIC VARIABILITY IN CONODONTS: 
PALMATOLEPIS GLABRA ULRICH & BASSLER: 
Jour. Paleontology, v. 33, no. 4, p. 550-565, 42 
illus. on 2 pls., 4figs., July 1959, 15 refs. 


Three hundred and fifty representatives of 
Palmatolepis glabra Ulrich & Bassler, collected 
from a single sample of the late Devonian Saverton 
shale of Illinois, are used to illustrate intraspeci- 
fic variability in;conodonts. The main types of 
variation are discussed, and the various morpho- 
logic features are evaluated for taxonomic use. The 
study indicates that a conservative philosophy of 
speciation and careful study of large numbers of 
individuals must be applied to conodont species if 
they are to attain widespread use by the general 
stratigrapher. -- Auth. 


1-1927. Scott, Harold W. TYPE SPECIES OF 
PARAPARCHITES ULRICH & BASSLER: Jour. 
Paleontology, v. 33, no. 4, p. 670-674, 7 illus. 
‘on pl., July 1959, 6 refs. 


15 


The type and cotypes of Paraparchites humerosus 
are described and figured. The original figures were 
based on unrecognized nested molts. The hinge is 
shown to be fairly simple. A velate structure along 
the ventral margin,as indicated in the original illus- 
tration, is shown to be nonexistent. A new family 
Paraparchitidae and superfamily Paraparchitacea are 
Ta ide to include certain paleocope ostracodes. 

-- Auth. 


1-1928. Rezak, Richard. PERMIAN ALGAE FROM 
SAUDI ARABIA: Jour. Paleontology, v. 33, no. 4, 
p. 531-539, 35 illus. on 2 pls., diag., 2 tables, 
July 1959, 30 refs. 


The Khuff formation of Saudi Arabia has yielded 
an algal flora including: Gymnocodium belleroph- 
ontis (Rothpletz), Gymnocodium moniliforme Pia, 
Solenopora centurionis (Pia), Mizzia velebitana 
(Schubert) Mizzia bramkampi n. sp., and Epima - 
stopora sp. Well preserved specimens of Mizzia 
velebitana yielded data that require the transfer of 
the genus to the tribe of Diploporeae. The algal 
assemblage dates the Khuff formation as late mid- 
dle Permian or late Permian. -- Auth. 


1-1929. Axelrod, Daniel I. POLEWARD MIGRA- 
TION OF EARLY ANGIOSPERM FLORA: Science, 
v. 130, no. 3369, p. 203-207, 5 figs., July 24, 1959, 
22 refs. 


During the opening phase of the Early Cretaceous 
(Neocomian), angiosperms commenced to invade low- 
land basins of deposition at generally lower latitudes. 
They reached high northern and middle southern 
latitudes at the close of the epoch (Albian) and only 
replaced the relict Jurassic-type vegetation at high 
latitudes during the early part of Late Cretaceous 
time. 

This poleward migration of angiosperms is con- 
sistent with the theory that the phylum had its center 
of origin and dispersal at tropical latitudes, which 
ranged between 45° N. and 45°S. in pre-Cretaceous 
time. 

Recognition of the time-space factor involved in 
the Early Cretaceous poleward migration of angio- 
sperms removes most of the conflicts in the testimony 
on age supplied by fossil plants and by marine inverte- 
brates - conflicts which have persisted for nearly a 
century. --Auth. summ. 


1-1930. Rinehart, C. Dean, Donald C. Ross, 

and N. King Huber. PALEOZOIC AND MESOZOIC 
FOSSILS IN A THICK STRATIGRAPHIC SECTION 
IN THE EASTERN SIERRA NEVADA, CALIFORNIA: 
Geol. Soc. America, Bull., v. 70, no. 7, p. 941- 
945, geol. map, sec., July 1959, 5 refs. 


Two roof pendants of metamorphosed Paleo- 
zoic and Mesozoic rocks in the eastern Sierra 
Nevada near Mammoth Lakes, California, contain: 
graptolites of Early (Arenig), Middle, and Late 
(Caradoc) Ordovician time; Pennsylvanian brachio- 
pods, corals, and bryozoans; Permian (?) brachio- 
pods and bryozoans; and Triassic pelecypods. --M. 
Russell. 


6. GEOPHYSICS 


See also: Igneous and Metamorphic Petrology 1-1990; 
FUCTSMISZNO7 se liaZ ie ta 2112 seal 2 Smal 2 2uli Zap 1-2119 
through 1-2122. 


1-1931. McCollum, E. V. GEOLOGY, A GEO- 
PHYSICAL TOOL: Am. Assoc. Petroleum Geologists, 
Bull., v. 43, no. 7, p. 1503-1504, July 1959. 


In order to achieve best results in finding oil at the 
lowest cost and the shortest time, geophysical surveys 
should be planned, executed, and interpreted so as to 
exploit all possible information from geologic sources. 
Specific examples are cited where failure to heed 
geologic information resulted, or would have resulted, 
in incorrect, expensive, or time-consuming geo- — 
physical-survey conclusions. Categories of geologic 
information of particular value to geophysicists include 
knowledge of probable rock types, formation thickening, 
facies changes, structural features, and physical con- 
stants of materials near the surface. Selection of shot 
points in seismograph exploration and placing of gravity 
stations should depend on geologic observations. --M. 
Russell. 


1-1932. Chapman, Sydney. THE INTERNATIONAL 
GEOPHYSICAL YEAR: Am. Geophys. Union, Trans. , 
v. 40, no. 2, p. 112-119, June 1959. 


Evaluations are being made of the IGY (July 1, 1957- 
Dec. 31, 1958). The scope of this project was im- 
mense and the success remarkable. Sixty-seven 
nations joined together in the scientific study of the 
earth and the sun, proving that such cooperation is 
possible. 

A carefully organized system of handling the 
data collected was established at the beginning of 
the Year. The observations of all the participating 
countries will be pooled, and each of the 3 World 
Data Centers will have a complete set of all the data, 
which will be available to scientists throughout the 
world. 

Weather observations formed the largest single 
section of the program. Special efforts were made 
to fill in gaps in weather data over the tropics and 
much of the Southern Hemisphere. Important results 
from studies in other fields have already been dis- 
closed. The Antarctic is now known to be the coldest 
region on earth, and the existence of a gigantic Pacific 
Ocean river has been established. 

Intensive observations of the sun were conducted, 
and the upper atmosphere was explored by rockets. 
Satellites and moon rockets disclosed the presence of 
2 extensive belts of charged particles of considerable 
energy, trapped in the earth's outer magnetic field. 

A brief account of the IGY planning and organiza- 
tion is included. More complete information about 
the IGY and summaries of results can be found in a 
new scientific journal, Annals of the International 
Geophysical Year. --L. M. Dane. 


1-1933. Harrison, J. C., and W. C. Brisbin. 
GRAVITY ANOMALIES OFF THE WEST COAST OF 
NORTH AMERICA. 1: SEAMOUNT JASPER: Geol. 
Soc. America, Bull., v. 70, no. 7, p. 929-933, 4 
figs. incl. map, 2 graphs, July 1959, 5 refs. 


Seamount Jasper rises 1,900 fathoms above the 
2, 200-fathom ocean floor, about 320 nautical miles 
SW. of San Diego, California. Gravity-anomaly 
measurements of the seamount and surrounding area 
show that 1) if an average rock density of 2.3 gm. /cc. 
for the seamount is assumed, there is no anomalous 
mass beneath the seamount, and 2) a regional mass 
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deficit equivalent to 20 mgal. attraction surrounds 
Seamount Jasper. Possible explanations are dis- 
cussed. --M. Russell. 


1-1934. MORE SEISMIC RESEARCH ASKED TO 
IMPROVE ATOMIC TEST DETECTION: Science, 
v. 130, no. 3366, p. 26-28, July 3, 1959. 


New data obtained from the underground tests 
in Hardtack II showed that the capability of the 
Geneva System to detect and identify underground 
events was considerably less than had been original- 
ly estimated by the Geneva Conference of Experts. 
A panel on seismic improvement concludes that 
a vigorous research program in seismology would 
improve the ability to detect and identify earth- 
quakes of small magnitude. The Geneva System 
could be improved upon by 1) increasing the array 
of seismometers in the arrays at each station and 
2) by incorporation of criteria for detection based 
on the fact that the peak frequency of long waves 
in underground explosions is twice that for earth- 
quakes. An auxiliary network of unmanned seismic 
stations may be needed. An experimental testing 
program of many high-explosive and some nuclear 
shots is needed. Techniques which prevent trans- 
fer to the surrounding earth of some of the energy 
of underground nuclear shots, called decoupling, 
can reduce the seismic signal by a factor of 10 or 
more. --M. Russell. 


1-1935. Kisslinger, Carl. A NOTE ON BENN- 
DORF'S FORMULA FOR THE DYNAMIC MAGNIFI- 
CATION OF A MECHANICAL SEISMOGRAPH: 
Seismol. Soc. America, Bull., v. 49, no. 3, p. 
267-271, 4 graphs, July 1959, 4 refs. 


An investigation of the nature of the ground 
motion necessary to produce a sinusoidal record 
starting suddenly from rest reveals that Benndorf's 
formula for the dynamic magnification of a mechani- 
cal seismograph always yields a value for the com- 
puted maximum ground displacement that is smaller 
than the true value. The apparent period taken from 
the record is shorter than the true period. The com- 
puted ratio of amplitude to period, a useful damage 
criterion, is always greater than the true value. 

The discrepancies in both amplitude and period be- 
come small as the ratio of the ground frequency to 
the instrument frequency increases. -- Auth. 


1-1936. Takeuchi, H. GENERAL SOLUTIONS OF 


EQUATIONS OF SOME GEOPHYSICAL IMPORTANCE: 


Seismol. Soc. America, Bull., v. 49, no. 3, p. 
273-283, July 1959, 5 refs. 


General solutions are obtained in rectangular, 
circular cylindrical, and spherical coordinates for 
the equations of motion of a homogeneous isotropic 
elastic body, the equations of the corresponding 
statical deformations, the equations of motion of an 
incompressible viscous fluid, the equations of the 
corresponding stationary motion, and Maxwell's 
equations for a homogeneous isotropic conductor. 
-- Auth. 


1-1937. Healy, John H. , and Frank Press. FURTHE 
MODEL STUDY OF THE RADIATION OF ELASTIC 
WAVES FROM A DIPOLE SOURCE: Seismol. Soc. 
America, Bull., v. 49, no. 2, p. 193-98, 8 figs., 
Apr. 1959, 4 refs. 


GEOPHYSICS 


This paper demonstrates a possible mechanism 


for the origin of the anomalous shear waves observed 


in ultrasonic model studies, described elsewhere 
(in press), of the radiation pattern of elastic waves 
from a dipole source with slit. 


These waves travel along the edge to the end of the 


slit, from which point they are transmitted as shear 


_ waves into the body of the medium. A reflected 
_ Rayleigh wave also occurs. 
The fact that earthquake faulting proceeds with 


a finite velocity over a finite distance suggests very 
strongly that a secondary source of shear waves may 


occur at the end of the fault in a manner analogous 
to that of these experimental results. 


It is concluded 
that anomalous shear waves may occur in nature and 
must be allowed for in studies of the focal mechanism 


A 2-dimensional study 
of elastic waves generated by a single source adjacent 
to a long slit reveals that Rayleigh waves are excited. 


of earthquakes. --D. B. Vitaliano (courtesy Geophysical 


Abstracts). 


1-1938. Ambraseys, N. N. A NOTE ON THE 
RESPONSE OF AN ELASTIC OVERBURDEN OF 
VARYING RIGIDITY TO AN ARBITRARY GROUND 


MOTION: Seismol. Soc. America, Bull., v. 49, no. 


3, p. 211-220, 2 figs., 3 tables, July 1959. 


The autofrequencies of an elastic layer of soil of 


finite depth and of linearly varying modulus of 

rigidity are found theoretically in the case 1) when 
_the rigidity of the material increases, or 2) de- 

creases with depth. Also, it is shown that an ap- 


proximate expression for the autofrequencies based 


on the mean of the limiting values of the rigidities 


holds within a few percent of the true autofrequencies 
The response 
equations for the overburden are also found in terms 


for small values of the rigidity ratio. 


of the velocity spectrum of the region, or else in 
terms of a generalized disturbing function g(t). 
-- Auth. 


1-1939. Tolstoy, Ivan. MODES, RAYS, AND 


TRAVEL TIMES: Jour. Geophys. Research. v. 64, 


no. 7, p. 815-821, 3 figs., July 1959, 13 refs. 


Relationships between the normal-mode and the 
ray-optical interpretations of seismic and acoustic 


measurements are discussed, and applications to the 


theory and practice of refraction techniques are given. 


The validity of the ray theory is sometimes open to 
question; that is, the results of travel-time and 
intercept measurements may be subject to over- 
interpretation in terms of rays. Several questions 
of principle are examined in this connection. It is 
emphasized that the idea of mode cannot be brought 
into direct correspondence with the rays and travel 
times of the optical, approximate approach, and 
efforts to interpret mode behavior in terms of rays 
can lead to paradoxical conclusions. This can be 
understood in terms of the plane-wave, asymptotic 


nature of such concepts as phase and group velocity. 


-- Auth. 


1-1940. Pekeris, C. L., I. M. Longman, and H. 
Lifson. APPLICATION OF RAY THEORY TO THE 
“PROBLEM OF LONG-RANGE PROPAGATION OF 
EXPLOSIVE SOUND IN A LAYERED LIQUID: 
Seismol. Soc. America, Bull., v. 49, no. 3, p. 
247-250, 2 figs., July 1959. 


_ In order to test the applicability of ray theory 
even to extremely large ranges, we have applied 
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it to the problem of determining the exact shape of 
the pressure pulse received at a range r equal to 
460 times the depth of the layer H, in the case of an 
explosion in a layered liquid. The time variation of 
the pressure at the source was assumed to be given 
by a Heaviside unit function. Comparison is made 
with a previous solution of this problem which was 
obtained, for the identical conditions, by the use of 
the normal mode theory. The exact ray -theory 
solution exhibits the well-known characteristic 
features of a ground wave followed by a dispersive 
water wave, but the pattern of the received pressure 
pulse is more ruffled than in the normal mode solu- 
tion, in which the higher modes, as well as branch- 
line integrals, were neglected. The applicability of 
ray theory to long-range propagation is made feasi- 
ble by virtue of the mutual cancellation at long 
ranges of all but a group of the last-arriving rays. 
-- Auth. 


1-1941. Green, Jack. SONIC VELOCITY IN 
POSSIBLE LUNAR SURFACE MATERIALS: Lunar & 
Planetary Explor. Colloquium, Proc., v. 1, no. 4, 
Pier ae! 5 illus., chart, graph, 2 tables, 1959, 10 
refs. 


Experiments are described which were designed 
to determine the sonic velocity of materials of which 
the moon's surface may consist. A vacuum of 5 
microns was obtained. The tests were run over a 
greater temperature range than exists on the moon. 
The materials tested and the absolute initial 
velocities found are: basalt 19,200 ft. /sec. ; pitch- 
stone 17,000 ft. /sec. ; basaltic glass 12,000 ft. /sec. ; 
pumice 7,400 ft. /sec. ; pumice dust 2,400 ft. /sec. ; 
basalt dust 2,000 ft. /sec. ; iron powder 1,300 ft. /sec. 

Porosity and rock type have the greatest effect 
on sonic velocity. Water content, crystallinity, and 
mineralogy appear to control sonic velocity on 
temperature cycling. --M. Russell. 


1-1942. Gilic, A. THE GEOGRAPHICAL LOCA- 

TION OF A DISTANT EARTHQUAKE: Seismol. Soc. 
America, Bull., v. 49, no. 3, p. 221-226, 3 figs., 
table, July 1959. 


C. Zeissig has given a graphical method for de- 
termining an epicenter by using direction lines which 
have been derived from the P times on pairs of 
stations. 

By a modified procedure it is possible - assuming 
an approximate value for the epicenter and the origin 
time - to draw the direction lines as straight lines on 
a large-scale map, whereby a preliminary condition 
for an accurate location of an earthquake is obtained. 

As the most probable epicenter there can be taken 
the center of gravity of selected intersection points 
of reliable direction lines. The selection itself is 
based on criteria which follow from a detailed study 
of the reliability of the lines and points. 

As an illustration of the method, a solution is 
given for one earthquake. -- Auth. 


1-1943. Kovach, Robert L. SURFACE WAVE 
DISPERSION FOR AN ASIO-AFRICAN AND A 
EURASIAN PATH: Jour. Geophys. Research, v. 
64, no. 7, p. 805-813, 9 figs. incl. map, 6 graphs, 
table, July 1959, 20 refs. 


Love and Rayleigh waves in the period range of 
20 to 83 seconds were well recorded at Lwiro, 
Belgian Congo, from an Aleutian shock on March 
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20, 1958. The epicentral distance is 14,240 km. 
(128°) and the direct path is almost entirely con- 
tinental. The path through the antipodes is almost 
entirely oceanic, and the corresponding Rayleigh 
waves were recorded at Lwiro and at Pietermaritz- 
burg, South Africa. Dispersion data indicate an 
average crustal thickness of slightly less than 40 
km. for the continental path and a mean sediment 
thickness of 0.8 km. for the oceanic path. 

Uppsala seismograms of the Sinkiang shock of 
June 24, 1958 exhibited fundamental and higher mode 
Love waves, Rayleigh waves affected by the near- 
surface sediments, and higher mode Rayleigh or 
Mz waves. An average crustal thickness of about 
45 km. is indicated for the path which was studied. 
This result agrees well with available Russian 
refraction measurements. -- Auth. 


1-1944,. Eaton, Jerry P., andK. J. Takasaki. 
SEISMOLOGICAL INTERPRETATION OF EARTH- 
QUAKE-INDUCED WATER-LEVEL FLUCTUATIONS 
IN WELLS: Seismol. Soc. America, Bull., v. 49, 
no. 3, p. 227-245, 3 figs. incl. sec., graph, 3 
tables, July 1959, 12 refs. 


Magnitudes for normal-depth earthquakes com- 
puted from the amplitude of water-level fluctuations 
induced in a well tapping a confined aquifer in 
Honolulu, Hawaii, agree closely with those assigned 
by Pasadena. The maximum fluctuations in the well 
are produced by long-period Rayleigh surface waves. 
The response of the well to earthquake waves 
diminishes rapidly as wave length decreases. -- Auth. 


1-1945. Slemmons, David B., Karl V. Stein- 
brugge, Don Tocher, Gordon B. Oakeshott, and 
Vincent P. Gianella. WONDER, NEVADA, EARTH- 
QUAKE OF 1903: Seismol. Soc. America, Bull., v. 


ABSTRACTS 


49, no. 3, p. 251-265, 4 maps (2 in pocket), 13 
illus., July 1959. 


An unpublished geologic map of the Wonder, 
Nevada, Mining district completed about 1911 by 
F. C. Schrader includes the "Gold King fault, " to 
which Schrader attributed 3 or more miles of sur- 
face fault breakage accompanied by an earthquake in 
the early part of this century. Historical research 
on this uncatalogued earthquake, including inter- 
views with old residents of the area, now establishes 
the date as the fall of 1903 with a fair degree of cer- 
tainty. There is evidence to suggest that as much as 
12 mi. of surface faulting may have occurred. 

On December 16, 1954, this region was extensively 
faulted during the Dixie Valley-Fairview Peak earth- 
quakes, and parts of the Gold King fault were refract- 
ured with vertical displacements that increased from 
a fraction of an inch at the N. end to 2 ft. near the S. 
end of the 1903 fault fissure. Farther S. the verti- 
cal component of displacement increased to a maxi- 
mum of about 4 ft. and then decreased as it approach- 
ed Chalk Mountain. The surface faulting on the 
northern portion of the Gold King fault, unlike that of 
most historic Basin-Range earthquake scarps, is 
mainly in the Tertiary (?) volcanic bedrock units 
within a horst mountain block, the Louderback 
Mountains, and is rarely in contact with alluvium. 

Data on 1903 displacements are vague but appear 
to be of the same order and type as noted after the 
1954 movement. 

These displacements on the Gold King fault 
constitute one of only 4 reasonably well established 
examples of recurrent surface breakage on the same 
fault segment within historic times in the United 
States. Furthermore, the reactivation of this fault 
after a period of only 50 years gives further evidence 
of the high seismicity along the 118th meridian in 
Nevada and California. -- Auth. 


7. GEOCHEMISTRY 


See also: Stratigraphy 1-1903; Paleontology 1-1910; 
Geohydrology 1-1998; Mineral Deposits 1-2002, 1-2003, 
1-2005; Fuels 1-2020, 1-2089, 1-2115. 


1-1946. Dickson, Frank W., and George Tunell. 
THE STABILITY RELATIONS OF CINNABAR AND 
METACINNABAR: Am. Mineralogist, v. 44, no. 
5/6, p. 471-487, 4 col. illus., 2 diags., 3 graphs, 
2 tables, May-June 1959, 14 refs. 


The stability relations of cinnabar and metacin- 
nabar have not been well understood. Metacinnabar, 
or black HgS, has been supposed to occur in nature 
as a metastable substance found in weathered portions 
of Hg ore deposits. Cinnabar, or red HgS, was con- 
sidered to be the only stable modification of HgS. 
However, the results of the present study indicate 
that pure red HgS, cinnabar, inverts to black HgS, 
metacinnabar, at 344°C. , at one atmosphere pressure. 
The inversion is comparatively rapid and is reversible 
for pure HgS. The presence of small amounts of Fe, 
Zn, or Se in the metacinnabar structure retards the 
inversion of metacinnabar to cinnabar at tempera- 
tures at which cinnabar is.stable. In addition, the 
presence of Fe or Zn in the metacinnabar depresses 
the inversion temperature: Fe, to as low as 305°C. ; 
and Zn, to as low as 240°C. 

Studies of ores and protores containing both cin- 
nabar and metacinnabar show that in general meta- 
cinnabar was deposited earlier than cinnabar. 
Metacinnabar does not appear to be an alteration 


product of cinnabar, but some cinnabar is the pro- 
duct of the inversion of metacinnabar. Conclusions 
from study of ores and protores are consistant with 
conclusions from the laboratory study of equilibrium 
relations of cinnabar and metacinnabar. -- Auth. 


1-1947. Green, Jack. GEOCHEMICAL IMPLICA- 
TIONS OF LUNAR DEGASSING: Lunar & Planetary 
Explor. Colloquium, Proc., v. 1, no. 4, p. 1-18, 
20 figs. incl. illus., maps, secs., diags., graphs, 
5 tables, 1959, 44 refs. 


Defluidization of the moon's interior is believed 
to have triggered expansion and contraction processes 
on a regional scale in a relatively cool and rigid lunar 
crust. The resulting fracture pattern served to define 
zones of weakness along which fluids could escape. 
Some of the fractures encompassed polygonal plates 
subsequently engulfed to produce large calderas. 
Degassing is thus thought to be a super-volcanic 
process which had maximum play during the early 
phases of lunar history. Volcanism followed as an 
aftermath of maximum defluidization and produced 
many of the internal features of calderas observed 
on the moon and earth. These features include dif- 
ferentiated floors, presumably of a mafic material; 
and central or near-central mountains, craters or 
ridges, radial structures, and rim volcanoes. 
Extrusion of probable basaltic material created the 
maria, and was followed by formation of some post- 
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mare craters. The dust produced by defluidization 
processes and subsequent volcanism is thought to 

be many times as thick as the possible spallation 
dust on the maria. Welded tuffs may also be very 
abundant in nonmare areas. Mineralization of 
“soluble" volatile elements, and to a lesser extent 
nonsoluble volatiles, is believed to be localized on 
the moon's surface. Because minerals so produced 
by fumarolic activity would not be dispersed by 

wind, ice, or water on the moon, elements containing 
Ci brs, 56, Bb, Lb, As, Cd, Hey Sh, Zn and Pb 
may be locally concentrated in the nonmare areas. 
Many of these are high neutron-capture cross section 
elements (Cl, S, Se, Br, B, I, As, Cd, Hg, Sb, and 
Zn). Compounds including these elements might 
correspond to the closed-tube sublimates. However, 
the vapor pressure of some of these sublimates at the 
maximum temperature obtained in sunlight on the 
lunar surface may have been sufficient to vaporize 
these compounds during geologic time. The degree 
to which a dust layer will inhibit this "evaporation" 

' is as yet unknown. -- Auth. concl. 


1-1948. O'Keefe, John A. ORIGIN OF TEKTITES: 
Science, v. 130, no. 3367, p. 97-98, July 10, 1959, 
9 refs. 


Objections to the idea that tektites originated as 
secondary bodies from the infall of meteorites on 
the moon are answered if the assumption is made 
that the tektites fell from nearly circular orbits 
around the earth. The tektites are conceived as 
spiraling into the earth’s upper atmosphere in a 
compact gravitationally stable mass, which was 
broken up by differential drag during the last few 
orbits before the tektites fell. -- M. Russell. 


1-1949. Merritt, Richard S., and Ernest H. Muller. 
DEPTH OF LEACHING IN RELATION TO CARBONATE 
CONTENT OF TILL IN CENTRAL NEW YORK STATE: 
Am. Jour. Sci., v. 257, no. 7, p. 465-480, map, 2 
graphs, 2 tables, Summer 1959, 52 refs. 


Depth of leaching varies inversely with calcium 
carbonate content of till in the N.-S. transect in the 
uplands of the Finger Lakes region of central New 
York. Variability of slope and of till texture and den- 
sity were limited by careful selection of sampling 
sites to minimize factors which might mask the 
relationship of carbonate content to depth of leaching. 

The transect is marked by progressive southward 
decrease in carbonate content and increase in depth 
of leaching. The most striking change in carbonate 
content, depth of leaching, and soil profile character- 
istics occurs in a narrow transition zone which lacks 
topographic features indicative of a significant glacial 
stillstand. Instead, this pattern of change is ap- 
parently related to distance from outcrops of cal- 
careous rocks and to currents of major ice movement. 

Differences in age of the drift within the range of 
the transect are not great enough to have an effect 
on the depth of leaching comparable to the effect of 
carbonate content. For a distance on both sides of 
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the Valley Heads drift border the upland till is 
characterized by deep leaching and low carbonate 
content, -- Auth. 


1- 1950. Russell, R. D. SOME GEOCHEMICAL 
CONSIDERATIONS ON LEAD-ISOTOPE DATING OF 
LEAD DEPOSITS: Econ. Geology, v. 54, no. 5, p. 
951-953, Aug. 1959. 


This discussion of a recent paper by R. W. Boyle 
(GeoScience Abstracts 1-461) is based primarily on 
the concluding sentences of the paper: "... fractiona- 
tion of the lead isotopes takes place in geochemical 
processes, particularly in secretion process... lead 
isotope ratios recorded from deposits are the result 
of various geochemical processes through which the 
lead has passed and... they are not, except in certain 
special cases, a function of the age of the deposit. " 

Boyle's reference to "fractionation" of Pb isotopes 
is felt to be misleading, and a brief discussion of 
terminology is presented. It is difficult to justify 
the statement that the isotope ratios of Pb are not a 
function of the age of the deposit. It is noted that the 
age value calculated from a single Pb isotope is not 
the age of the deposit but indicates the time at which 
the Pb was separated from its source rock. 

The writer emphasizes that the detailed geochemical 
considerations are of importance in interpreting Pb 
isotope ratios, that their effects are much less than 
has been suggested by Boyle, and that they have been 
considered in much more detail than would appear 
from his paper. The isotope studies have already 
demonstrated their value, and their continued study 
will reveal important information of a geochemical 
nature about the outermost parts of the earth, and 
about the history and age of sulfide ore deposits. -- 
L. M. Dane. 


1- 1951. McCulloch, David S. VACUOLE DIS- 
APPEARANCE TEMPERATURES OF LABORATORY- 
GROWN HOPPER HALITE CRYSTALS: Jour. Geo- 
phys. Research, v. 64, no. 7, p. 849-854, illus., 
diag., 2 graphs, table, July 1959, 7 refs. 


When halite is grown above room temperature 
and cooled, vacuoles are produced in the crystal's 
fluid inclusions owing to the contraction of the fluid. 
Upon reheating, the vacuoles disappear, presumably 
at the growth temperature. In order to correlate 
growth and vacuole disappearance temperature, halite 
crystals were grown at controlled temperatures by 
evaporation of sea water in a constant-temperature 
oven. 

The highest (and usually presumed to be the most 
accurate) disappearance temperatures of the vacuoles 
are above the growth temperature for the halite grown 
below about 72° C., and below the growth temperature 
for the halite grown above about 72°C. It is suggested 
that anomalously high disappearance temperatures 
may be due to the presence of CO, whereas vacuole 
disappearance temperature below growth temperatures 
may be due to leakage of brine into liquid inclusions, 
-- Auth. 


8. MINERALOGY AND 


See also: Geologic Maps 1-1872; Geochemistry 1-1946, 
1-1951; Igneous and Metamorphic Petrology 1-1992; 
Mineral Deposits 1-2005, 1-2009, 1-2010. 


1-1952. Silvestrova, I. M., and Yu. N. Silvestrov. 
AN APPARATUS FOR MEASURING PYROELECTRIC 
POLARIZATION OF CRYSTALS: Soviet Physics - 
Crystallography [Kristallografiya], v. 3, no. 1, p. 
53-58, 4 diags., Jan.-Feb. 1958, pub. 1959, 4 refs. 


An apparatus is described for measuring the 
electric charges on capacitances of the order of a 
few uu f which have time constants of 30 to 40 min. 
A circuit diagram is given for a semiconductor 
microthermometer having a sensitivity of 0. MOG: 
The pyroelectric constant of ethylenediamine tartrate 
has been measured. -- Auth. 


1-1953. Borisov, S. V., P. V. Pavlov, and N. V. 
Belov. A GRAPHIC METHOD FOR SOLVING THE 
FUNDAMENTAL HARKER-KASPER INEQUALITIES: 
Soviet Physics - Crystallography [Kristallografiya], - 
v. 3, no. 1, p. 85-87, 5 graphs, Jan-Feb. 1958, 
pub. 1959, 7 refs. 


Crystal structure determinations of epidote, 
xonotlite, wollastonite, herderite, datolite, gadolinite, 
and clinohumite have involved a determination of signs 
of structural amplitude by means of the "most power- 
ful" inequalities of the Harker-Kasper method, ex- 
pressed as (Uy + Uy)? < (1 + Up) (1 + Ux-4) 
where H represents the index flew: hay kelekerep= 
resents h', k', 1'; H+ K represents h+h', k +k’, 
VePoItssand Hea vKe = hye hr) k= ke} = 13sand' Uy, etc., 
are the unitary structural amplitudes corresponding 
to these triplets. --M. Russell. 


1-1954. Indenbom, V. L. DISLOCATIONS IN 
CRYSTALS: Soviet Physics - Crystallography 
[Kristallografiya], v. 3, no. 1, p. 112-132, 15 
illus., 8 diags., Jan.-Feb. 1958, pub. 1959, 

112 refs. 7 


The literature on dislocations in crystals, parti- 
cularly from about 1953 to 1957, is reviewed with 
specific bibliographic citation of 112 papers. In dis- 
cussion are covered: a definition of dislocation, the 
relation of dislocations to the theory of elasticity, 
macroscopic description of dislocations, relief on 
crystal faces and screw dislocations, detection of 
dislocations by etching and decoration, dislocations 
and macroscopic curvature of the lattice, dislocation 
structure of grain boundaries, stresses around dis- 
locations, plastic deformation as the result of move- 
ment of dislocations, experimental proof of the 
mobility of dislocations, other lattice defects, anda 
conclusion which emphasizes that confirmation of the 
dislocation hypothesis requires strengthening and 
accelerated investigations toward the creation of a 
dislocation theory of mechanical and other structure - 
sensitive properties of crystals. Further, as the dis- 
locations in crystals are real and possess the proper- 
ties of primary lattice defects and of the sources of 
stresses, the grouping of dislocations into rows leads 
to the separation of a crystal into blocks and their 
movement to plastic deformation. The dislocation 
theory must be included in the development of the 
theory of real crystals and in studies of the mechanism 
of plastic deformation crystals. --M. Russell. 


1- 1955. Belov, N. V. THE QUARTZ EXTINCTION 
LAW: Soviet Physics - Crystallography [Kristal- 
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lografiya], v. 3, no. 1, p. 83-84, 2 diags., Jan. - 
Feb. 1958, pub. 1959, 5 refs. 


In analyzing quartz, if one takes the rhombohe- 
dral axes of the edges of the rhombohedron as the 
coordinate axis, with the angle of 93957' between 
them, one obtains the quartz law of extinction, 
which is expressed by B. Ya. Pines in his “Lect- 
ures on X-ray Structural Analysis" ash + k + 1 = 3n. 
The significance and implications of this little known 
law are discussed. -- M. Russell. 


1- 1956. Batrak, E. N. AN INVESTIGATION OF 
CENTERS OF CAPTURE OF IRRADIATED QUARTZ 
CRYSTALS WITH INSERTED Na IONS: Soviet 
Physics - Crystallography [Kristallografiya], v. 3, 
no. 1, p. 102-104, 2 graphs, table, Jan. -Feb. 
1958, pub. 1959, 7 refs. 


Results of experiments are given which were per- 
formed to obtain quantitative thermal characteris- 
tics of the centers of capture of irradiated quartz, 
namely Ey, the energy of thermal ionization, and 
Pg, the magnitude characterizing the probability of 
isoenergetic change of the system from one state 
into another. --M. Russell. 


1- 1957. Bown, M. G., and P. Gay. THE IDENTI- 
FICATION OF ORIENTED INC LUSIONS IN PYROXENE 
CRYSTALS: Am. Mineralogist, v. 44, no. 5/6, 

p. 592-602, 8 illus., May-June 1959, ref. 


Simple X-ray techniques enable the identification 
of oriented intergrowths of minor components in 
"single" crystals. The methods developed have been 
applied to pyroxene crystals. Results are presented 
for the orientation and identification of augite, pigeo- 
nite, and orthopyroxene in polyphase crystals. In- 
clusions of ore minerals and amphibole can also be 
characterized. -- Auth. 


1-1958. Brindley, George W. X-RAY AND 
ELECTRON DIFFRACTION DATA FOR SEPIOLITE: 
Am. Mineralogist, v. 44, no. 5/6, p. 495-500, 

3 figs. incl. illus., graph, table, May-June 1959, 
5 refs. 


X-ray powder data for sepiolite are indexed on the 
basis of an orthorhombic cell. The mineral shows 
marked variations in crystallinity. Single crystal, 
electron diffraction diagrams confirm the b and c 
parameters, and in conjunction with electron micros- 
cope observations prove that the lath-like crystals 
develop on the (100) plane. -- Auth. 


1-1959. Fedorov, F. E. THE METHOD OF IN- 
VARIANTS IN THE OPTICS OF TRANSPARENT NON- 
MAGNETIC CRYSTAIS: Soviet Physics - Crystallo- 
graphy [Kristallografiya], v. 3, no. 1, p. 46-52, 
Jan.-Feb. 1958, pub. 1959, 5 refs. 


The basic relations of the optics of transparent 
nonmagnetic crystals are obtained by means of in- 
variants without using the system of principal axes 
of the tensor of permittivity. -- Auth. 


1-1960. Metsik, M. S., and R. A. Zhidikhanov. 
AN EXPERIMENTAL STUDY OF THE CHANGE ON 
HEATING IN THE INTERPLANAR DISTANCE 

do91 IN PHLOGOPITE AND MUSCOVITE: Soviet 
Physics - Crystallography [Kristallografiya], Views 
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no. l, p. 92-95, 2 diags., 4 graphs, 5 tables, 
Jan. -Feb. 1958, pub. 1959, 4 refs. 


The results are given of experiments on 
phlogopite and muscovite to determine: linear co- 
efficients of expansion; thermal changes in the para- 
meters of crystals held for half an hour at 800° C.; 
change in dgg; Of micas after a half hour of anneal- 
ing at high temperatures; and change in dogo) Of micas 
after various water treatments. The results indicate 
consistent low-temperature changes in phlogopite 
and tempered muscovite and suggest a modification 
of previous ideas on the structure of micas. --M. 
Russell. 


1-1961. Flinter, B. H. RE-EXAMINATION OF 
"STRUVERITE" FROM SALAK NORTH, MALAYA: 
Am. Mineralogist, v. 44, no. 5/6, p. 620-632, 

3 figs. incl. illus., 4 tables, May-June 1959, 

5 refs. 


Critical reexamination of the original "struverite" 
from Salak North, Malaya, shows that the samples 
contain much ilmenite and some cassiterite. Asa 
result, the analysis given by Crook and Johnstone in 
their description of the mineral in 1912 indicates 
some contamination by ilmenite and cassiterite, and 
the subsequent ASTM X-ray powder data card for 
“struverite" (2-1354) gives a mixed pattern of 
“struverite" and ilmenite. Furthermore, due proba- 
bly to the difficulty of analysing Ta/Nb at that time, 
an incorrect, and very high, value of Ta was quoted 
in the original analysis. The mineral is actually 
richer in Nb than in Ta and should properly be 
termed '‘ilmenorutile' and not "struverite. '' Neither 
of these terms is favored by the present writer who 
prefers the terms "niobian-rutile” and "“tantalian- 
rutile” respectively. 

Using more sensitive methods of magnetic separa- 
tion together with X-ray powder and polished section 
studies the mineral is found to be homogeneous, con- 
sisting essentially of Ti, Nb, Ta, and Fe. A definite, 
but complex, relationship between the composition 
and specific gravity and mass magnetic susceptibility 
is indicated. X-ray powder patterns of the most 
magnetic material give an apparent bi-rutile struct- 
ure, which can be seen to develop from a rutile 
structure in the less magnetic material. As such the 
mineral is intermediate between rutile and tapiolite, 
an isomorphous series postulated by Prior in 1908. 

-- Auth. 


1-1962. Williams, K. L., I. M. Threadgold, and 
A. W. Hounslow. HELLYERITE, A NEW NICKEL 
CARBONATE FROM HEAZLEWOOD, TASMANIA: 
Am. Mineralogist, v. 44, no. 5/6, p. 533-538, 
illus., 2 tables, May-June 1959, 7 refs. 


Hellyerite, NiCO3- 6H,O, has been identified in 
samples from the aid Lord Brassey Ni mine, at 
Heazlewood, Tasmania. It occurs as thin, pale blue 
coatings, associated with zaratite, on shear planes 
within a body of serpentinite. In transmitted light 

it is pale greenish blue in color and weakly pleo- 
chroic; its refractive indices are « = 1.455, B = 
1.503 and »y = 1.549. It is biaxial negative, with a 
2V of approximately 85°. Its measured specific 
gravity is 1.97, and its hardness Day 2: 

The X-ray powder diffraction pattern of hellyerite 
is similar to that of synthetic nickel carbonate 
hexahydrate, prepared by the method of Rossetti- 
Francois (1952). The powder diffraction pattern of 
the zaratite, however, cannot be indexed on the 
basis of published unit cell measurements. -- Auth. 
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1- 1963. Brant, Russell A. and Wilfrid R. Foster. 
MAGNESIAN HALOTRICHITE FROM VINTON COUN- 
TY, OHIO: Ohio Jour. Sci. v. 59, no. 3, p. 187-192, 
4 figs., May 1959, refs. 


A white mineral was found under overhanging 
cliffs of sandstone in areas of coal outcrop and mine 
openings in Vinton County, Ohio. The mineral was 
tentatively identified as "cave alum" or alunogen, 
but chemical and X-ray study revealed the true nature 
of the efflorescence as magnesian halotrichite. This 
mineral is an intermediate between pickéringite 
(MgAl2 (SO4)4- 22H 20) and halotrichite (FeAl (SO4)4° 
22H 90). It is believed that many minerals of the 
pickeringite-halotrichite series are mistaken for 
alunogen (A12(SO4)3: 18HO). The optical properties 
of the 2 minerals are similar, and the finely fibrous 
nature of the crystals make difficult identification 
of the members on an optical property basis. Ina 
core of coal that was stored in a basement for a 3- 
year period halotrichite as well as melanterite was 
identified at sulfide zones. --Auth. 


1-1964. | Molloy, Martin W. A COMPARATIVE 
STUDY OF TEN MONAZITES: Am. Mineralogist, 
v. 44, no. 5/6, p. 510-532, 4 illus. on 2 pls., 

5 figs. incl. 2 graphs, 6 tables, May-June 1959, 
30 refs. 


Optical, X-ray, and differential thermal methods 
are used to compare monazite recently discovered 
near Chester, New Jersey, with monazite from 9 
other localities. Indices of refraction, 2V, and 
birefringence have been determined. X-ray dif- . 
fraction patterns have been measured, indexed, and 
their relationships determined. Micro-camera dif- 
fraction patterns have provided information on the 
alteration of monazite. The application of X-ray 
fluorescence to the quantitative analysis of rare 
earth elements in monazite is shown to be feasible 
through sensitivity to minor variations caused by 
crystal fractionation. Theoretical factors which 
interfere with precise X-ray fluorescence, 
quantitative analysis of rare earth elements in 
monazite are examined. The effect of 2 types of 
alteration, intercrystalline and intracrystalline, 
upon the differential thermal pattern of monazite 
is observed. -- Auth. 


1-1965. Muto, Tadashi, Robert Meyrowitz, 
Alfred M. Pommer, and Toru Murano. NINGYOITE, 
A NEW URANOUS PHOSPHATE MINERAL FROM 
JAPAN: Am. Mineralogist, v. 44, no. 5/6, 

p. 633-650, 2 illus., graph, 8 tables, May-June 
1959, 12 refs. 

Ningyoite, Oi, Car. R.E. 9, (PO4)9° 1-2H,0, 
where x is about 0.1 to 6.2, is a new uranous mineral 
which occurs in.an unoxidized zone of the Ningyo-toge 
mine, Tottori Prefecture, Japan. It coats pyrite and 
other minerals, or fills cavities and cracks in the 
ore. Ningyoite is acicular or elongated lozenge- 
shaped, and is very fine grained. The color is 
brownish green or brown in transmitted light, and 
faint pleochroism, darker in the Z direction, is 
observed. Extinction is parallel with positive 
elongation. The index of refraction varies and is 
about 1.64. Double refraction seems to be low. 

The X-ray pattern of the mineral resembles that of 
rhabdophane, R. E. PO4: HO, but whereas rhabdophane 
has hexagonal symmetry, ningyoite is pseudohexa- 
gonal, orthorhombic, and the space group is probably 
P222 Dy!). The unit cell has dimensions a = 6.78 + 
0.03 A, b = 12.10 +0.05 A, and c = 6.38 + 0.03 A, 
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and contains 3 formula weights. 

A similar compound, UCa(PO4)9° 1.5H,0, was 
synthesized from slurries composed of uranous 
phosphate and calcium phosphate in sealed glass 
tubes at 150° C., and 185° C. at pH 1.4 to 4.8. The 
synthetic compound was not obtained at 100°C. and 
130°C. , nor when the HCl concentration was greater 
than (1+ 10). The synthesized acicular crystals are 
green in transmitted light. Pleochroism is Z = green 
and X = pale green. Extinction is parallel, elonga- 
tion positive. « is between 1.69 and 1.70, and 7 
is between 1.70 and 1.71, but they are variable. 

The X-ray powder diffraction patterns of the samples 
of the synthetic compound are almost the same as 
that of the natural ningyoite, except for slight dif- 
ferences in line spacings. The cell dimensions are 
a = 6.73+0.03 A, b= 12.13+0.05 A, and c = 6.36 
+0.03 A. - 

~ Upon heating at 800° to 900°C. in Ar, both the 
natural mineral and the synthetic compound changed 
to a monazite-type structure which has a smaller 
cell size than that of natural monazite and is close 
to that of cheralite. 

The properties of ningyoite and the synthetic 
mineral are compared and the effect of the presence 
of rare earths on the properties of the former are 
discussed. The mineral was named for the locality. 
-- Auth. 


1-1966. Rice, Salem J. QUARTZ FAMILY MIN- 
ERALS: California, Div. Mines, Mineral Inf. Ser- 
vice, v. 12, no. 4, p. 1-5, 5illus., Apr. 1959, 5 
refs. 


The classification and characteristics of quartz 
family minerals are briefly summarized. A con- 
venient grouping of the various types of quartz is: 

1) phanerocrystalline varieties and 2) cryptocrystal- 
line varieties. Other quartz-family minerals in- 
cluded tridymite, cristobalite, and opal. The 
process of silicification and the uses and sources of 
quartz are summarized. --M. Russell. 


-1-1967. Deffeyes, Kenneth S. ERIONITE FROM 
CENOZOIC TUFFACEOUS SEDIMENTS, CENTRAL 
NEVADA: Am. Mineralogist, v. 44, no. 5/6, 

p. 501-509, 2 illus., sec., table, May-June 

1959, 8 refs. 


The mineral erionite, a zeolite known previously 
from only one locality, has recently been identified 
from 6 different areas in Wyoming, Nevada, and 
South Dakota. In each case it occurs in volcanic- 
rich Cenozoic sediments. A reexamination of the 
properties of the mineral shows that the original 
and subsequent descriptions have been incorrect in 
placing the mineral in the orthorhombic system. 
Single crystal X-ray photographs show that the 
mineral has hexagonal symmetry and the optical 
properties observed are consistent with an assign- 
ment to the hexagonal system. -- Auth. 


1- 1968. Hietanen, Anna. KYANITE-GARNET 
GEDRITITE NEAR OROFINO, IDAHO: Am. Minera- 
logist, v. 44, no. 5/6, p. 539-564, 3 illus., map, 
sec., 4diags., 3 tables, May-June 1959, 23 refs. 


In Clearwater County, Idaho, kyanite.is found 
with amphibole in 2 rock types, 1) in kyanite-garnet 
gedritite near Orofino, and 2) in hornblende -bearing 
layers of anorthosite in the Boehls Butte quadrangle. 
The associated rocks near Orofino are garnetiferous 
biotite gneisses, hornblende-biotite gneiss, garnet 


ae 


amphibolites, quartzites, and lime-silicate rocks of 
sedimentary origin. The major constituents in the 
kyanite-garnet gedritite are gedrite (38%), quartz 
(26%), oligoclase (16%), and garnet (14%). One to 
2%, of kyanite in light bluish crystals is scattered 
throughout the rock. The formula of the gedrite 
calculated from the chemical analysis is 


(Ko, 01 Nao, 40C80, o6M83. goFe**1.57Mn"’ 0. 04 
Ti'***9,07P9, 91Fe'** 0.0744, 39) = 7.33 


(Sig 3341), 67) £= 8. 00(022.10(0H)). 90) E= 24.00. 


The garnet consists of about 49% almandite and 43% 
pyrope with some spessartite, grossularite, and 
andradite. The texture suggests that gedrite and 
garnet crystallized later than the other minerals. 
The chemical analysis of the gedritite shows more 
than 15% AlgO3, about 8.5% each of FeO and MgO, 
but only 0.2% R,0 and 1.7% CaO. 

The hornblende- and kyanite-bearing layers of the 
anorthosite are described briefly for comparison. 
The kyanite in these layers is a relict mineral, 
inherited from the schist that formerly occupied the 
area now covered by anorthosite. The occurrence 
of the kyanite in the anorthosite is most likely due 
to the slowness of reaction between the minerals of 
the parent rock, the schist, and the metasomatizing 
solutions that transformed the schist to anorthosite. 
For the occurrence of kyanite in the gedritite near 
Orofino a similar explanation is possible, but not 
conclusive because there are no signs of a possible 
disequilibrium between the fresh kyanite crystals 
and the enclosing gedrite. The Mg:Fe ratio of the 
gedrite falls within the Mg:Fe ratio possible in the 
cordierites, and the bulk composition of the kyanite- 
garnet gedritite is very close to that of cordierite 
gneisses and cordierite-anthophyllite rocks. Tem- 
perature and pressure during the recrystallization 
were close to the triple point of kyanite, andalusite, 
and sillimanite suggesting a somewhat lower tempera- 
ture for the kyanite-gedrite assemblage than for the 
cordierite rocks which contain only sillimanite. The 
crystallization of kyanite and gedrite instead of 
cordierite in this rock is probably due to a stress 
during the recrystallization. -- Auth. 


1-1969. Frankel, J. J. UVAROVITE GARNET 
AND SOUTH AFRICAN JADE (HYDROGROSSULAR) 
FROM THE BUSHVELD COMPLEX, TRANSVAAL: 
Am. Mineralogist, v. 44, no. 5/6, p. 565-591, 

11 illus., map, 4 graphs, 7 tables, May-June 
1959, 40 refs. 


Uvarovite garnet is an uncommon silicate matrix 
in chromitite seams in the norite body of the Bush- 
veld igneous complex, Transvaal, Union of South 
Africa. Separated uvarovite samples were analyzed 
chemically, and unit cell, specific gravity, and 
refractive index values determined. Uvarovite, 
grossularite, and andradite are the dominant "end 
members." A linear relationship between chromic 
oxide content and physical properties is modified by 
Ti and Fe. The deviations are discussed and esti- 
mated. The green color is tinged with brown where 
Ti and Fe are high. The associated chromite grains 
have a chemical composition similar to that of nearby 
chromitite seams. Uvarovite-diopside layers be- 
tween uvarovite-bearing chromitite seams in the 
eastern belt of the norite are described. It is con- 
sidered that the uvarovite was formed in pyroxenite 
and chromitite where adequate Cr was available, 
by metamorphic metasomatic processes after the 
consolidation of the norite body itself. 


MINERALOGY AND CRYSTALLOGRAPHY 


The pale green, fine-grained, ornamental rock 
known as South African jade is found to be hydro- 
grossular that varies in composition over a restricted 
range near the grossularite end of the hydrogarnet 
series. Specific gravity and refractive index de- 
crease with increase in combined water. The min- 
eral replaces basic feldspar through zoisite, in 
anorthosite and feldspar-rich pyroxenite horizons 
near the lower group of chromitite seams in the 
western belt of the norite. The mineralogical 
changes are thought to be due to the addition of Ca 
in heated waters. -- Auth. 


1-1970. Threadgold, I. M. A HYDROMUSCOVITE 
WITH THE 2My STRUCTURE, FROM MOUNT LYELL, 
TASMANIA: Am. Mineralogist, v. 44, no. 5/6, p. 
488-494, illus., graph, 2 tables, May-June 1959, 

10 refs. 


A fine-grained mica from Mount Lyell, western 
Tasmania, shown by chemical analysis to be a 
hydromuscovite, probably of metasomatic origin, 
gives an X-ray powder pattern similar to that of a 
2M2(6M) mica polymorph. This structure was pre- 
viously only known to occur in lepidolites containing 
4.0-5.1% LigO. A differential thermal analysis of 
the hydromuscovite has been carried out. -- Auth. 


1-1971. Droste, John B. CLAY MINERALS IN 
PLAYAS OF THE MOJAVE DESERT, CALIFORNIA: 
Science, v. 130, no. 3367, p. 100, July 10, 1959, 6 
refs. 


Montmorillonite, illite, chlorite, and kaolinite in 
the playas of southern California are traceable 
directly to the source areas surrounding the basins. 
No evidence found in this investigation suggests that 
these clay minerals are unstable in the sodic or calcic 
saline lake environment, but this conclusion may not 
be directly applied to marine evaporite facies where 
the minerals are rich in K and Mg. -- Auth. 


1-1972. Gates, Gary R. CLAY MINERAL 
COMPOSITION OF BORATE DEPOSITS AND 
ASSOCIATED STRATA AT BORON, CALIFORNIA: 
Science, v. 130, no. 3367, p. 102, July 10, 1959, 
5 refs. 


X-ray analyses of samples from lacustrine de- 

posits in the Kramer borate district of California 
_. show that montmorillonite is the dominant clay 

mineral, and that illite is abundant in red siltstones, 
common in green and gray borate-barren claystones, 
and sparse in borate-bearing rocks. Kaolinite is 
present only in red siltstones. The distribution of 
clay minerals is related to the geologic history of 
borate deposition. -- Auth. 


1-1973. Sinkankas, John. GEMSTONES OF NORTH 
AMERICA: 675p., 169 illus. (8 col.), 7 maps, 
Princeton, New Jersey, D. Van Nostrand Company, 
Inc., 1959, 200 refs. 


Since 1890, no comprehensive treatment of North 
American gemstones has been published, a void in 
the literature which the present work is designed to 
fill. Available information on native gemstones, in- 
cluding those found in Greenland and in the West Indies, 
has been consulted and pertinent data extracted to bring 
the treatment up to date. Many localities and deposits 
have been examined by the author, and personal ob- 
servations are incorporated in the text. In general, 
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the treatment is nontechnical, but sufficient data on 
physical and chemical constants are included to assist 
in gemological and mineralogical identification and 
discrimination of specimens and polished gemstones 
from North American sources. Important deposits 

are described in considerable detail including comments 
on geology and mineralogy, possibilities of future 
exploitation, production figures, if available, and uni- 
que features of the precious material produced with the 
aim of ending the confusion as to the exact sources of 
North American gemstones. Localities are presented 
in logical geographical order so that contiguous places 
appear together in the text, while a special index 
facilitates reference to specific deposits discussed in 
the text. The body of the subject matter is preceded 
by a necessarily brief but comprehensive treatment 

of the chemical, physical, and aesthetic properties of 
gemstones. The large variety of materials discussed 
is conveniently divided into chapters as follows: prin- 
cipal gemstones, important gemstones, quartz family 
gemstones, rare and unusual gemstones, massive and 
decorative gemstones, and organic gemstones. The 
last is of particular interest because a thorough treat- 
ment of pearls and shell is included. Four appendices 
contain the bibliography, glossary (370 terms), tabular 
review of gemstone deposits, and notes on collections 
and collecting. These are followed by the geographical 
index (ca. 2,000 entries) and the general index. -- Auth. 


1-1974. Lisle, T Orchard. DOUBLY TERMINATED 
HERKIMER "DIAMONDS": Lapidary Jour., v. 13, 
no. 1, p. 90-98, 2 illus., sketch map, Apr. 1959. 


Popular article on collecting the well-known quartz 
crystals of central New York State. Collecting areas 
and directions for reaching same are furnished, as 
well as advice on useful collecting tools and techniques. 
--J. Sinkankas. 


1-1975. Gilmore, Richard J. SMOKY QUARTZ 
CRYSTALS: Gems & Minerals, June 1959, no. 261, 
p. 31-33, 7 illus. 


A brief article on the exhumation of enormous 
smoky quartz crystals from a locality in the Mineral 
Mountains between Beaver and Milford, Utah. The 
largest group weighed 248 lbs. The occurrences in 
this area appear to be in pegmatites since the quartz, 
and sometimes garnet, is found implanted upon 
crystallized microcline. --J. Sinkankas. 


1-1976. Sinkankas, John. A NEW ORTHOCLASE 
MOONSTONE: Rocks and Minerals, v. 34, nos. 5-6, 
(whole no. 270), p. 195-198, May-June 1959, 2 refs. 


A moonstone resembling that of Ceylon and oc- 
curring under essentially the same circumstances 
is described from the Harris Mica mine farm in 
Goochland County, Virginia. Historical notes about 
the mica mines nearby and notes on local geology 
and mineralogy are furnished. A few of the optical 
and physical properties of the moonstone are dis- 
cussed. -- Auth. 


1-1977. Leiper, Hugh. KUNZITE STRIKE AT 
REOPENED CALIFORNIA MINE: Lapidary Jour. , 
v. 13, no. 2, p 348-351, 6 illus., June 1959. 


Recent mining at the Pala Chief mine on Pala 
Chief Mountain, Pala, San Diego County, California, 
is described, together with a description of the 
material recovered (gem quality spodumene). -- 

J. Sinkankas. 


GrEoScIENCE ABSTRACTS 


1-1978. Painton, Ivan E. DOLOMITE PYRAMIDS: 
Gems & Minerals, Feb. 1959, no. 257, p. 18-20, 
2 illus., sketch map. 


The peculiar castellated dolomites of Major 
County, Oklahoma, are briefly described, and 
directions for reaching the collecting area are 
given. --J. Sinkankas 


1- 1979. Van Landingham, Sam L. THE GEM 
GRANITES: Gems & Minerals, Jan. 1959, no. 256, 
p. 24-29, 88; Feb. 1959, no. 257, p. 21-27, 14 
illus., 7 sketch maps, 15 refs. 


A 2-part article reviews the usefulness of 
various granitelike rocks for lapidary purposes — 
and furnishes descriptions and locality information. 
The first part deals with granites from Wisconsin 
and Maine. The second part covers leopardite 
from North Carolina; unakite; orbicular granites; 
the llanite of Texas; Quincy, Massachusetts 
riebeckite-algirite granite; and graphic granites 
from various United States localities. -- J. Sinkankas. 


1-1980. Banion, E. L. THE MINERAL MECCA OF 
MAGNET COVE, ARKANSAS: Lapidary Jour., v. 13, 
no. 1, p. 24-38, sketch map, Apr. 1959. 


Popular article on collecting in Magnet Cove with 
emphasis on rare minerals, although materials suit- 
able for lapidary treatment are also discussed. --J. 
Sinkankas. 


1-1981. Kyte, Ken. HUNTING GEMSTONES IN 
LOUISIANA: Lapidary Jour., v. 13, no. 1, p. 72- 
84, 2 illus., sketch map, Apr. 1959. 


Popular article on collecting gemstones in 
Louisiana - mainly petrified wood and chalcedonics. -- 
J. Sinkankas. 


1-1982. Zeitner, June Culp. WHERE TO GO IN 
SOUTH DAKOTA: Lapidary Jour., v. 13, no. 1, p. 
42-54, illus., 2 sketch maps, Apr. 1959. 


Popular article on gem and mineral localities, 
written for the amateur. --J. Sinkankas. 


9. IGNEOUS AND METAMORPHIC PETROLOGY 


1-1983. Alter, Dinsmore. THE ALPHONSUS 
STORY: Lunar & Planetary Explor. Colloquium, 
Proc., v. 1, no. 4, p. 19-22, 2 illus., 1959. 


The evidence of volcanic activity on the moon 
consists of photographs and spectrographs which 
reveal probable gaseous emissions from craterlets 
in the rills on the floor of lunar crater Alphonsus. -- 
M. Russell. 


1- 1984. Whitten, E. H. Timothy. COMPOSITION 
TRENDS IN A GRANITE: MODAL VARIATION AND 
GHOST STRATIGRAPHY IN PART OF THE DONEGAL 
GRANITE, EIRE: Jour. Geophys. Research, v. 64, 
no. 7, p. 835-848, 21 maps, 4 tables, July 1959, 19 
refs. 


Modal variation of quartz, color index, (potash 
feldspar/plagioclase), and total feldspar within a 25 
sq. mi. area of the "older granite" of Donegal was 
analyzed on the basis of 71 specimens. Nonortho- 
gonal polynomial analysis was used to compute linear 
and quadratic trend surfaces and deviations for each 
variable. The IBM 650 was used for all computations. 

Each variable behaved differently. Single models 
gave excellent trend surfaces for color index, where- 
as averaging data within each square mile sometimes 
masked important residuals. Realistic trend sur- 
faces for quartz or total feldspar were only derived 
from averaged data. With averaged data the 4 linear 
trend surfaces have almost parallel strikes, and such 
uniform regional trends have significance in the inter- 
pretation of geological gradients in relation to the 
petrogenesis of the granite. 

Some deviations have been linked to observed 
geologic factors. Other deviations are consistent 
for all variables. These deviations reflect ghost 
stratigraphy; the latter group indicate ghost strati- 
graphy previously unsuspected in this area which is 
harmonious with the well-known regional picture. -- 
Auth. 


1- 1985. Burnham, C. Wayne. CONTACT META- 
MORPHISM OF MAGNESIAN LIMESTONES AT 
CRESTMORE, CALIFORNIA: Geol. Soc. America, 


Bull., v. 70, no. 7, p. 879-919, 31 illus., fold. 
geol. map scale 1 in. to approx. 50 ft., fold. block 
diag. onl0 pls., 2 maps, sec., diag., 2 graphs, 
11 tables, July 1959, 40 refs. 


The contact-metamorphic rocks at Crestmore, 
California, occur between magnesian marbles and a 
plutonic mass of quartz diorite (Bonsall tonalite), 
and between the same marbles and a relatively small 
pipelike hypabyssal mass of quartz monzonite por- 
phyry. 

The marbles are preserved as 2 crudely lenticular 
bodies about 400 and 500 ft. thick, respectively, that 
occur as screens in the quartz dioritic intrusive 
rocks of the southern California batholith. Both 
bodies, which are very similar petrographically, are 
composed of alternating layers of predazzite and 
coarsely crystalline calcite marbles and are nearly 
free of silica, alumina, Fe, and the alkalies. 

The quartz diorite that engulfed the marbles is 
contaminated locally very near the contacts where 
minor monzonitic and gabbroic variants are present. 
Its exomorphic effects on the carbonate rocks con- 
sist mainly of: 1) the formation of metasomatic sili- 
cate contact rocks that generally are less than 1 ft. 
thick and are composed of diopside, wollastonite, 
and grossularite; and 2) the conversion of nearly all 
the Mg-bearing carbonate beds to periclase marbles, 
which subsequently were altered to predazzites. 

In contrast, the younger quartz monzonite porphyry, 
which was injected into the upper or Sky Blue marble 
unit, is nearly all contaminated as a result of re- 
active assimilation of marble. Moreover, its exo- 
morphic silicate aureole is as much as 50 ft. thick 
and contains the numerous complex mineral assem- 
blages for which Crestmore is famous. Several 
lines of evidence indicate that much of this aureole 
was formed prior to the final consolidation of the 
porphyry intrusive mass. 

The thicker parts of the silicate contact aureole 
that surrounds the quartz monzonite porphyry ex- 
hibit the following well-defined zonal distribution of 
mineral assemblages, as traced outward from the 
intrusive body: 1) a garnet zone that is composed of 
grossularite and lesser amounts of wollastonite and 
diopside; 2) a zone characterized by only one mineral, 
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idocrase; and 3) a zone in which monticellite is the 
most abundant mineral, but in which there are various 
amounts of clinohumite, cuspidine, ellestadite, 
forsterite, melilite, merwinite, perovskite, spinel, 
spurrite, tilleyite, and xanthophyllite. This zona- 
tion of mineral assemblages reflects a correspond- 
ing zonation in the bulk chemical composition of the 
rocks, as shown by changes in the ratio of meta- 
somatic to indigenous constituents (Si + Al + Fe/Ca 
+ Mg) from 0. 66 in the monticellite zone, through 

1. 15 in the idocrase zone, to 1. 62 in the garnet zone. 

There also is a strong tendency toward a min- 
eralogical zonation within the monticellite zone, such 
that clinohumite, forsterite, spurrite, and spinel 
are concentrated in the silica-poor and calcite-rich 
outer part, and merwinite, cuspidine, and melilite 
in the more silica-rich inner part. Hence, a se- 
quential occurrence of mineral assemblages and 
a change in bulk chemical composition can be traced 
inward toward the intrusive mass from unmetasoma- 
tized marbles. Moreover, textural features reveal 
a corresponding paragenetic sequence in which the 
more highly metasomatized assemblages appear to 
have formed at the expense of those that were less 
metasomatized. 

Available evidence indicates that: 1) the contact- 
metamorphic mineral assemblages at Crestmore 
and their zonation are largely the compositionally 
controlled products of silica, alumina, and Fe meta- 
somatism of relatively pure magnesian limestones; 
2) temperatures of 625°C. or higher were reached 
prior to the introduction of silica into the present 
monticellite-zone rocks; and 3) the so-called “high- 
temperature” assemblages, such as monticellite, 
spurrite, and melilite, formed directly from the 
magnesian marbles without the intervention of 
“lower-temperature™ steps that involve diopside, 
wollastonite, and grossularite. Therefore, it is 
proposed that contact metamorphism at Crestmore 
should be viewed as progressive metasomatism with 
consequent decarbonation at elevated temperatures 
rather than as progressive decarbonation attendant 
simply upon rising temperature. -- Auth. 


1-1986. Crowder, Dwight F. GRANITIZATION, 
MIGMATIZATION, AND FUSION IN THE NORTHERN 
ENTIAT MOUNTAINS, WASHINGTON: Geol. Soc. 
America, Bull., v. 70, no. 7, p. 827-877, 37 illus. 
on 6 pls., fold. geol. map scale 1 1/2 in. to 1 mi., 
11 figs. incl. illus., map, chart, July 1959, 41 refs. 


A tabular quartz diorite complex extends along the 
Entiat Mountains, which form a SE.-trending spur of 
the northern Cascade Mountains. The country rocks 
of the complex are biotite gneiss, probably derived 
from arkosic sedimentary rocks, and hornblende 
schist, probably derived from basic volcanic rocks. 
Their present mineral composition is typical of the 
upper epidote amphibolite and amphibolite facies of 
regional metamorphism. 

During regional metamorphism the biotite gneiss 
was granitized to biotite-quartz diorite gneiss and 
the hornblende schist to hornblende-quartz diorite 
gneiss. The metamorphic origin of these quartz 
diorite gneisses involving relatively little replace- 
ment is shown by their chemical and mineralogical 
similarity to the original biotite gneiss and horn- 
blende schist, by their enclosing long, thin, un- 
disturbed layers of country rocks, and by their 
association with migmatites formed by metamorphic 
processes. Here and there in the quartz diorite 
gneisses massive rocks with hypidiomorphic granular 
"igneous" textures have formed principally by re- 
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crystallization, and these features are associated 

with small-scale swirling of the foliation and some 
intrusive features, which show that the gneiss was 
rendered plastic and mobile during granitization. 

Migmatites containing replacement bodies and 
secretions of leucocratic quartz diorite occur in the 
biotite gneiss and in most of the rocks of the com- 
plex - particularly in the biotite-quartz diorite 
gneiss. During the formation of the complex, the 
felsic material contained in the leucocratic rocks, 
principally Na, K, and Si, was generated by meta- 
morphic differentiation. 

During the granitization, anatectic magmas were 
formed by fusion of hornblende-quartz diorite gneiss, 
and some similar magma intruded from below. 
Melting without metamorphic differentiation is 
indicated by the chemical similarity between the 
anatectic quartz diorite and the parent hornblende- 
quartz diorite gneiss. Smearing out of inclusions, 
and crystals, and the tabular, sill-like nature of the 
bodies indicate that fusion may have been triggered 
by differential movement and shearing. The ana- 
tectic rocks contain inclusions of hornblende schist 
that survived both the granitization to hornblende- 
quartz diorite and the fusion. Crystallization dif- 
ferentiation of the anatectic magmas yielded K-rich 
pegmatites and local granodioritic masses. Regional 
metamorphism continued after the anatectic magmas 
in the sills had solidified; felsic metamorphic dif- 
ferentiates occur in leucocratic quartz diorite that 
partly replaces the borders of the sills. The 
leucocratic material was plastic and facilitated dif- 
ferential movement between the sill and its walls. -- 
Auth. 


1- 1987. Barnes, H. L. THE EFFECT OF META- 
MORPHISM ON METAL DISTRIBUTION NEAR BASE 
METAL DEPOSITS: Econ. Geology, v. 54, no. 5, 

p. 919-943, 11 figs. incl. illus., 2 maps, 3 secs., 

5 tables, Aug. 1959, 22 refs. 


Sedimentary rocks near 3 base metal deposits 
were analyzed to determine possible changes in Zn, 
Cu, and Fe content caused by alteration or contact 
metamorphism. 

Of the sediments in the Hanover, New Mexico 
district of ''contact metasomatic"' Zn-Cu deposits, 
only the Devonian (Percha) fissile shale contains 
sufficient Zn (70 p.p.m. Zn, 48 p.p.m. Cu, and 
4% Fe) to contribute significantly to the metal con- 
tent of the deposits. However, this shale has the 
same metal content (within +20 p.p.m. Zn and Cu 
and within + 1% Fe) when unaltered, as in the re- 
crystallized and silicified contact zone (excluding 
the skarn). Extraction of 20 p.p.m. Zn from the 
altered area of the shale is quantitatively insufficient 
to account for the 600,000 metric tons Zn in the 
skarn and ore deposits of the contact zone. 

In the northern Mississippi valley district, 
neither the Maquoketa shale(35 p.p.m. Zn, 65 p.p.m. 
Cu, and 3% Fe), nor the oil rock (20 p.p.m. Zn, 
60 p. p.m. Cu, and 7% Fe) has a sufficient metal 
content in comparison with the background level 
given by average igneous rock (100 p.p.m. Zn, 70 
p.p.m. Cu, and 5% Fe) to be the source for the 
metals in the deposits. 

Near the margins of the San Francisco del Oro 
district, Chihuahua, Mexico, the gradient of Zn con- 
tent from the veins into the silicified wall rocks 
passes through a minimum below that of unaltered 
shale (123 p.p.m.-Zn, 75 p.p.m. Cu, and 5% Fe). 
However, the quantity of Zn shown by this gradient 
to have been extracted from the shale is only a 
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negligible fraction of the metal content of the entire 
deposit. 

It is quantitatively impossible for the metal con- 
tent of these 3 districts to have been derived from 
the surrounding Paleozoic or younger sediments by 
lateral secretion. -- Auth. 


1- 1988. Robertson, Forbes. PERTHITE FORMED 
BY REORGANIZATION OF ALBITE FROM PLAGIO- 
CLASE DURING POTASH FELDSPAR METASOMAT- 
ISM: Am. Mineralogist, v. 44, no. 5/6, p. 603- 
619, 12 illus., May-June 1959, 28 refs. 


Orthoclase microperthite in quartz monzonite and 
alaskite in the Boulder batholith, Montana, originated 
by replacement of plagioclase. Orthoclase which 
crystallized between early-formed crystals of plagio- 
clase late in the magmatic stage is not perthitic. The 
crystallization sequence leading to perthitic ortho- 
clase was: 1) deuteric alteration of andesine to albite 
at the contact of invading potash feldspar; 2) re- 
placement of albite by potash feldspar which is 
perthitic. An intermediate soda-rich potash-bearing 
feldspar, described as anorthoclase, is locally pre- 
served and formed as an intermediate crystal phase 
between albite and orthoclase. The textures of the 
albite blebs in orthoclase resemble replacement 
perthite, but other evidence of late soda metaso- 
matism is lacking. These perthites are considered 
to have formed by the reorganization of the albite 
portion of the original andesine. During potash 
feldspar metasomatism, albite, which formed at 
the advancing orthoclase front, was partly taken 
into solid solution in orthoclase. The remainder 
was in some instances left as relic blebs, but in 
most cases the albite was reoriented into more 
orderly arranged blebs and patches resembling 
replacement perthite textures. Perthite of this type, 
although resembling replacement perthite, does not 
in itself constitute a criterion of late soda meta- 
somatism. -- Auth. 


1-1989. Gates, Olcott. BRECCIA PIPES IN THE 
SHOSHONE RANGE, NEVADA: Econ. Geology, v. 
54, no. 5, p. 790-815, 3 illus., 3 maps, 2 cross 
secs., diag., Aug. 1959, 26 refs. 


Near the crest of the Shoshone Range in N.- 
central Nevada, 3 breccia pipes of Tertiary age cut 
deformed chert, quartzite, shale, and greenstone 
of Paleozoic age. The pipes average about 1 mi. in 
longest dimension, have slightly flaring sides, and 
consist of the following units: 1) an outer discontinu- 
ous rim of coarse breccia of Paleozoic rock frag- 
ments; 2) an inner mass of fine-grained and much 
hydrothermally altered breccia that contains a 
thorough mixture of Paleozoic and Tertiary rock 
fragments and intrudes the marginal coarse breccia; 
3) foundered blocks of Tertiary conglomerate and 
pyroclastic rocks intruded and engulfed by the fine 
breccia or younger rhyolite; 4) a more or less 
central plug of quartz monzonite porphyry or 
rhyolite that intrudes the fine breccia and the con- 
glomerate or pyroclastics; 5) narrow flowbanded 
dikes of rhyolite or quartz latite porphyry that cut 
all other rock types in the pipes and extend into the 
wall rocks. 

The pipes were formed by an up-and-down pump 
action impelled by intermittent rise of the magma 
in the plugs. Brecciation occurred during upward 
movement of the magma and associated explosive 
volcanism. Breccia also was formed by subsidence 
collapse stoping, and possibly rock-bursting during 
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subsidence of the magma. The fine breccia thus 
formed ahead of the magma and, in turn, became 
intrusive, eventually working its way to or near the 
surface. -- Auth. 


1-1990. Greenwood, Robert, and Vance M. 
Lynch. GEOLOGY AND GRAVIMETRY OF THE 
MUSTANG HILL LACCOLITH, UVALDE COUNTY, 
TEXAS: Geol. Soc. America, Bull., v. 70, no. 7, 
p. 807-825, 6 maps, cross secs., 2 graphs, 3 
tables, July 1959, 48 refs. 


Mustang Hill is one of about 90 small intrusions 
in Cretaceous sediments paralleling the Balcones 
fault zone of central Texas. Igneous activity in 
the province extends from earliest Cenomanian to 
Maestrichtian and includes some extrusive rocks. 
Faulting probably overlaps this period but is mainly 
later. 

The Mustang Hill intrusion, 1 1/2 mi. in diameter, 
is an analcitic basalt with 27% olivine, resembling 
mafic members of alkaline basalt suites from Scot- 
land and Australia. Presence of distinctively diop- 
sidic clinopyroxene, with absence of orthopyroxene 
and pigeonite, is confirmed as characteristic of this 
nonorogenic magma type. Limestone flags (Eagle 
Ford formation) in the concordant floor of the intru- 
sion dip 3°-10° centripetally and have been locally 
crumpled by the basalt in small-scale décollements 
over more massive limestone. Broader folding is 
related to subsidence beneath and around the intru- 
sion. 

Field relations and geophysical findings justify 
the name laccolith for this quasi-concordant mass. 
A detailed gravity survey reveals an asymmetrical 
maximum over the intrusion with 2.2 mgals. of 
Bouguer anomaly relief. The highest point on the 
anomaly is in the SW. portion of the exposed igneous 
rock, whence the anomaly drops off sharply to the 
SW., but has a relatively gentle gradient change to 
the NE. The general shape of the anomaly suggests 
that the high point is associated with an igneous 
feeder, and the gentle gradient to the NE. is probably 
associated with a tabular body tapering away from 
the feeder. -- Auth. 


1-1991. Zaridze, G. M. ASSOCIATION OF ORE 
BODIES IN GRANITOIDS OF THE CAUCASUS AND 
THE GENESIS OF THESE ROCKS. Translated by 

L. Drashevska: Internat. Geology Rev., v. Ns date) 
5, p. 29-40, table, May 1959, 20 refs. 


The Caucasus [mountains] lie within the Alpine 
orogenic belt. Their geotectonic structure is very 
complex. It can be subdivided on the basis of various 
geotectonic characteristics, facies changes, and 
variable degrees and types of magmatic activity. 
Effusive magmatic activity in the different periods 
of geologic history occurred before folding; this is 
especially evident in geosynclinal zones. Granitoids 
of different ages are synchronized with the ac- 
cumulation of sediments under regressive sea condi- 
tions. In some cases, the age of the granitoids have 
been absolutely determined. Metasomatic granitiza- 
tion probably occurred in the early structural stages, 
granitic magma intrusions in the later stages. Ore- 
bearing solutions are associated with both types of 
granite emplacement. The author, however, as- 
sumes that ore deposition resulted from the penetra- 
tion of ore-bearing solutions directly from depth, 
we no relation to the formation of the granitoids. -- 

uth. 
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1-1992. Fick, L. J., andC. van-der Heyde. 
ADDITIONAL DATA ON THE GEOLOGY OF THE 
MBEYA CARBONATITE: Econ. Geology, v. 54, 

no. 5, p. 842-872, 5 illus., 3 maps, 4 cross secs. 5 
table, Aug. 1959, 23 refs. 


A discussion of the various geological facts that 
have been established during the development of the 
Mbeya carbonatite [Tanganyika] as an economic 
Prospect, subsequent to the preliminary investigation 
by Fawley and James, is presented by the authors. 

, The paper consists of 3 main parts. A descrip- 
tion, based on new fieldwork, of the surroundings of 
the Mbeya carbonatite is given by van der Heyde. 

In it arguments are given for a revised age of the 
carbonatite (pre-Karroo instead of post-Karroo); 
the absence of Rift valley faults is discussed as in 
the available evidence concerning the basement 
structure. 


In the second part, written by Fick, a descript- 
ion is given of the phenomena related to the intrus- 
ion of the main carbonatite at’Panda Hill. Here the 
salient point, made by the author, is that those 
rocks which until now were presumed to be part of 

a volcanic pile are really fenites, i.e. ,» Metasomati- 
cally altered gneisses of the contact aureole of the 
carbonatite. 


A comparison between the "agglomerates" of 
Fawley and James and the ''Feldspathic intrusives" 
of Dixey, Smith and Bisset is made in the discussion 
of the genesis of these rocks; the evidence pointing 
to the existence of 'gas-fluxed'' system is mentioned. 
A description of the main carbonate mass and some 
of its phases and the numerous dike rocks is given. 

In the third part, also written by Fick, the 
minerals occurring in the carbonatite are separately 
described and their relationship discussed. -- Auth. 
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See also: Areal and Regional Geology 1-1886; Geo- 
chemistry 1-1949; Fuels 1-2031, 1-2049 through 1-2052, 
1-2054, 1-2058 through 1-2062, 1-2080, 1-2081, 1-2082, 
1-2086, 1-2109, 1-2132. 


1-1993. Hsu, K. Jinghwa. 
CASTS IN THE PREALPINE FLYSCH, SWITZER- 
LAND: Am. Jour. Sci., v. 257, no. 7, p. 529-536, 
2 illus., 2 tables, Summer 1959, 39 refs. 


Flute casts and groove casts are substratal 
structures common in Flysch sequences. A study 
of such structures in the Swiss Flysch indicates: 

1) flute casts are more common in poorly graded or 
nongraded turbidity current deposits, and groove 
casts are more common in graded deposits; 2) 

flute casts indicate the direction of an earlier stage 
of turbidity flow than that indicated by groove casts; 
3) multiple sets of groove casts on the undersurface 
of a sandstone are more common than multiple sets 
of flute casts. Flute casts and groove casts are 
different in origin. Flutes are subconical depres- 
sions produced where the turbulent water of a 
turbidity current impinges directly on a muddy sea 
bottom. Grooves are incised on a muddy sea 
bottom by the debris of a fluidized sediment mass 
which is believed to assume laminar motion under 
a turbidity current. Subsequent filling of the flutes 
and grooves by sand and silt forms flute casts and 
groove casts. -- Auth. 


1-1994. 
Science, v. 130, no. 3368, p. 141-149, 3 illus., map, 


diag., July 17, 1959, approx. 45 refs. 


In order to see how the characteristics of recent 
sediments shed light on the conditions under which 
the sediments were deposited, some aspects of the 
origin of several of the most common types of rock 


are considered: sandstones (sheet sands, shoestring 


sands, deep-sea sands), shales (continental shelf 
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Shepard, Francis P. MARINE SEDIMENTS: 


shales, muds of lagoons and estuaries, delta margin 
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shales, black shales, deep basin shales), limestones 
and dolomites (fragmental limestones, chalk and 
fine-grained limestones, oolitic limestones), marine 
conglomerates and breccias. 

Introductory studies regarding the origin of ma- 
rine sedimentary rocks seem to indicate that many 
of the old ideas about marine sedimentation are out- 
moded. Sandstones and even conglomerates are not 
confined to shallow water, as formerly supposed, 
but can form in deep water under certain conditions. 
The most reliable criteria for distinguishing between 
the deep-water and shallow-water sands is still 
being sought, although graded bedding has already 
proved somewhat helpful when related to the occur- 
rence of deep-water organisms in the underlying 
and overlying beds. 

Determination of grain size as a means of find- 
ing old shorelines on the continental shelf seems 
open to reexamination as many exceptions have been 
found to the old concept that fine sediments are de- 
posited outside of, and in deeper water than, coarse 
sediments. On the continental shelves many of the 
sand zones outside deposits of mud appear to be 
relics of a period of lower sea level, but currents 
of sufficient strength to transport sand are found 
on the outer shelves in many places. Sand forma- 
tions may be deposited on the continental shelf 
contemporaneously with, and yet farther from shore 
than, mud formations, and the two may have differ- 
ent geographical sources. 

Further study of mud deposits suggests that some 
or many ancient deltas may not have been recog- 
nized. The characteristics found in the sediments 
around the margin of the Mississippi and other great 
deltas should prove helpful in recognizing such de- 
posits among rock formations, 

It should be emphasized that the study of recent 
sediments can at best provide some useful clues 
which help to interpret the past. The thoroughgoing 
field examination of stratigraphic relationships will 
still be the most important method available to the 
geologist. --From auth. concl. 


11. GEOHYDROLOGY 


See also: Geophysics 1-1944. 


1- 1995. Langbein, Walter B., and William G. 

Hoyt. WATER FACTS FOR THE NATION'S FUTURE - 
USES AND BENEFITS OF HYDROLOGIC PROGRAMS: 
240 p., 24 charts and tables, New York, Ronald Press 
Company, 1959. 


Water Facts for the Nation's Future describes the 
federal programs for the collection of hydrologic and 
hydroclimatic data, including a brief history of their 
growth, their magnitude, and their administration. 
Deficiencies in the programs are pointed out and 
definite recommendations made for their improve- 
ment - not necessarily just more of what is being 
done, but stressing the need for more analysis and 
interpretation of data now being collected. 

Since data are collected for action, their use in 
making hydroeconomic analysis, in planning for 
irrigation, flood control, upstream engineering and 
land management water supplies for municipal and 
industrial use, in flood forecasting, and in operating 
multiple purpose projects, is set forth in detail. One 
chapter is devoted to troubles and failures which 
have been encountered in water projects, and certain 
conclusions are drawn. 

Thousands of decisions will have to be made and 
billions of dollars will have to be invested to meet 
the ever accelerating demands for municipal, indus- 
trial and radioactive wastes, to meet electric power 
demands, to provide for better land management, 
better flood control and in planning irrigation projects. 
The authors stress the need for more effective data 
if the decisions are to be correct and the projects 
sound and lasting. --W. G. Hoyt. 


1-1996. Isherwood, J. D. WATER-TABLE RE- 
CESSION IN TILE-DRAINED LAND: Jour. Geophys. 
Research, v. 64, no. 7, p. 795-804, 6 figs., 2 
tables, July 1959, 12 refs. 


A high-speed digital computer was programed to 
obtain water-table recession in homogeneous tile- 
drained soil. Parameters considered were tile 
depth, spacing, barrier depth, hydraulic conductivity, 
and drainable pore space. Drain diameter was 6 in. 
The midpoint water-table height was found to fall 
exponentially with time after a slower initial rate. 
Results presented graphically can be used for the 
rapid evaluation of the effectiveness of 2 drains. 
Tile spacing for any given surface drawdown rate 
can then be determined. -- Auth. 


1-1997. Callahan, Joseph T. IS THE WATER 
TABLE FALLING?: Georgia Mineral Newsletter, 
v. 12, no. 1, p. 9-11, graphs, Spring-Summer 
1959, ref. 


Water table conditions exist at shallow depth 
everywhere in Georgia, but they are of especial 
interest in the Piedmont, where granite, gneiss, 
schist and other "crystalline" rocks contain re- 
coverable ground water only under water-table 
conditions in cracks and weathered zones. Water 
table aquifers are of less importance in the Coast- 
al Plain because most water supplies are obtained 
from deeper artesian aquifers consisting of per- 

’ meable limestone and sand confined between tight 
beds of clay. Records from 1943 through 1958 of 
rainfall and water table fluctuations indicate that 
the water table is not irreversibly falling but falls 
slowly during dry periods and rises quickly to 
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maximum levels in periods of high rainfall. --M. 
Russell. 


1-1998. Ovchinnikov, A. M., V. V. Ivanov, and 
L. A. Yarotsky. ON THE ORIGIN OF CARBONIC- 
ACID GAS IN MINERAL WATERS (A CRITICISM AND 
DISCUSSION OF A. A. SMIRNOV'S VIEWS ON THE 
NATURE OF COg). Translated by Dean A. Miller: 
Internat. Geology Rev., v. 1, no. 5, p. 51-55, May 
1959, 24 refs. 


A. A. Smirnov has proposed in several papers 
that the formation of CO in ground water is the re- 
sult of thermodiffusion of atmospheric gases and of 
gases originating in zones of oxidation in shallow 
tectonic fractures, rather than as the result of 
thermometamorphic and biochemical processes. 
The inadequacy of gaseous thermodiffusion proc- 
esses, differential seasonal variations in CO2 
content in ground water, and generally biased data 
are among the basic objections to Smirnov's theory 
of COg genesis in ground water. --Ed. abs. 


1-1999. Murray, C. Richard. GROUND-WATER 
CONDITIONS IN THE NONTHERMAL ARTESIAN- 
WATER BASIN SOUTH OF HOT SPRINGS, SIERRA 
COUNTY, NEW MEXICO: New Mexico, State 
Engineer Office, Tech. Rept. no. 10, 33 p., 12 figs. 
incL2 maps, cross sec., graphpl., 9 tables, 1959, 
17 refs. 


A number of flowing artesian wells have been 
developed on the W. side of the Rio Grande S. of 
Hot Springs, New Mexico, in an area extending 
from Mud Springs Draw, just S. of Hot Springs, to 
Arrey, about 18 mi. farther S. Development has 
been concentrated in 3 areas; namely, Mud Springs 
Draw, Animas Creek, and Percha Creek, but there 
are also a number of wells along the Rio Grande 
Valley proper. The latter wells are located within 
2 mi. of the Rio Grande or Caballo Reservoir, but 
in Animas and Percha Creek valleys flowing wells 
have been obtained as far as 4 mi. from the Rio 
Grande. The water occurs in sand, gravel, and silt 
of the poorly consolidated Tertiary or Quaternary 
deposits that fill the Rio Grande structural depression 
and dip eastwardly toward the Rio Grande. Artesian 
conditions are believed to be brought about by con- 
finement of the water in the aquifers by beds of clay. 
The valley-fill material becomes coarser toward the 
W. and is represented there by fairly well cemented 
conglomerates. Artesian wells in Mud Springs Draw 
furnish the municipal water supply for the city of Hot 
Springs, but most of the wells in the area are used 
for combined domestic and irrigation purposes. Some 
of the wells, especially those in Mud Springs Draw, 
flow a few hundred gallons a minute, but in general 
flows of only a few tens of gallons a minute are 
yielded by the wells. 

Water is believed to enter the aquifers W. of 
the area of artesian development, to flow through 
the aquifers toward the Rio Grande, and to be dis- 
charged indirectly to the river by upward percolation 
through imperfectly confining beds to the overlying , 
shallow-water aquifers and thence to the river. 

Nearly 2 second-ft. of water is being pumped 
from a small area near the city wells in Mud Springs 
Draw. Discharge from these and other wells, which 
divert water that otherwise would escape to the 
shallow-water aquifers, is believed to be balanced 
by a reduction of discharge of ground water to the 
river. Because the discharge from the artesian 
aquifers to the river is restricted, the artesian 
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head in some wells close to the river is as much as 
60 ft. above it. 

Water from the artesian wells is of fair quality, in 
general, but varies considerably from area to area 
and from well to well. Na, Ca, chloride, and bi- 
carbonate are the most abundant cations and anions 
in the water. The dissolved solids may be as high 
as 850 p.p.m. and the hardness 350 parts, but 550 
and 200 p.p.m., respectively, are about average 
values. 

From a coefficient of transmissibility, deter- 
mined by pumping tests in the Mud Springs Draw 
area, of about 11,000 gallons a day per foot, and an 
easterly slope of the piezometric surface of about 
55 ft. per mi., it may be calculated that about 1 
second-ft. of water discharges to the river per mile 
of its length in the area of nonthermal artesian-water 
development. This agrees very closely with seep- 
age determinations that have been made on the Rio 
Grande in this section. 

Because of the limited flow from the wells, the 
small amount of water available, and the limited 
acreage of irrigable land in the area of artesian flow, 
no large-scale irrigation development using flowing 
artesian water is possible. Installation of pumps on 
the wells may, in certain areas, permit a type of 
agricultural development better than that involving 
use of the small natural flow from the wells. -- Auth. 


1- 2000. Delaware River Basin Research, Inc. 

* WATER FOR YOUR EVER-EXPANDING NEEDS: 
20 p., 3 maps, charts, diag., Philadelphia, Feb. 
1959. 


This pamphlet presents for the layman some basic 
facts about the Delaware River basin; a description 
of the river system; a discussion of the nature and 
behavior of water; an explanation of comprehensive 
planning for multi-purpose control and development 
of water resources; an account of studies and reports 
now in process; and a statement of the need for citizen 
interest and understanding throughout the basin and 
its service area. 


12. MINERAL 


See also: Areal and Regional Geology 1-1876, 1-1880, 
1-1883; Structural Geology 1-1898; Geochemistry 
1-1950; Mineralogy 1-1972, 1-1977; Igneous and 
Metamorphic Petrology 1-1987, 1-199], 1-1992. 


1-2002. Webber, G. R. APPLICATION OF X-RAY 
SPECTROMETRIC ANALYSIS TO GEOCHEMICAL 
PROSPECTING: Econ. Geology, v. 54, no. 5, p. 
816-828, 11 graphs, table, Aug. 1959, 5 refs. 


X-ray spectrometry can be applied to the deter- 
mination of variation of metallic elements in soils 
and related materials. This method of analysis is 

‘rapid, relatively inexpensive, nondestructive of 
sample and permits the detection of many elements. 
The accuracy obtained depends largely on standards 
available and the method of sample preparation used. 

Various methods of sample preparation can be 
‘used to suit the purpose of the analysis, for example, 
direct use of the powdered sample, acid extraction 
and analysis of the resulting solution, or analysis of 
an evaporated concentrate from the acid extraction. 
Examples of applications of these techniques to anal- 
ysis for Zn, Fe, Mn, Cu, Pb, and Ni are given. -- 
Auth. 
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Although small, the Delaware River system is 
strategically located. The anticipated unprecedented 
population increase and enormous industrial growth 
have necessitated a prompt and efficient plan to ob- 
tain the most complete economic service possible 
from the Delaware before it reaches the sea. It is 
hoped that by carefully combining an expanding net- 
work of reservoirs, related ground-water facilities, 
and water control measures, the vast quantities of 
needed water can be supplied. --L. M. Dane. 


1- 2001. Hill, Raymond A. INFLOW TO LAKE 
TITICACA: Jour. Geophys. Research, v. 64, no. 
7, p. 789-794, 2 graphs, 3 tables, July 1959. 


Lake Titicaca forms part of the great system of 
internal drainage of the Altiplano of Peru and Bolovia 
between the Cordillera Oriental and the Cordillera 
Occidental. The lake has an area of about 8,300 sq. 
km. (3,300 sq. mi.) and it is about 3,800 m. (12,500 
ft. ) above sea level. The adjacent ranges are about 
2,000 m. (6,500 ft. ) higher. 

Lake Titicaca normally fluctuates about 60 cm. 
(2 ft. ) each year and there have been cyclic fluctua- 
tions aggregating 4.6 m. (15 ft. ). Such fluctuations, 
of which there is a record since 1914, are indicative 
of variations in inflow but do not reflect the true 
magnitude of such variations because the rate of 
outflow is a function of the lake level. 

There are no records of inflow to Lake Titicaca 
and few of its outflow. Hence, estimates of inflow 
and outflow had to be based on solutions of the 
equation of hydrologic balance, including allowance 
for precipitation on, and evaporation from, the 
lake surface. Trial solutions of these equations 
were made by months until a reasonably consistent 
set of values was determined. It was concluded 
from the study that the minimum annual inflow to 
Lake Titicaca was 37% of the average inflow, and 
that not more than two-thirds of the average runoff 
of streams on the Altiplano can be counted upon 
during any decade, even though sufficient storage 
is provided to carry over that long a period. -- Auth. 


DEPOSITS 


1- 2003. Ames, L. L., Jr. THE GENESIS OF 
CARBONATE APATITES: Econ. Geology, v. 54, 
no. 5, p. 829-841, diag., 6 graphs, 4 tables, 
Aug. 1959, 32 refs. 


A portion of the system Na3PO04-CaCO3-H20 was 
investigated at low temperatures. The formation of 
a carbonate apatite by phosphate replacement of 
calcite in alkaline solutions and the structural 
positions of the carbonate groups are discussed. 
Data indicate calcite replacement by low concentra- 
tions of phosphate to be the principal mechanism of 
formation of marine phosphorite deposits. -- Auth. 


1- 2004. Ohle, Ernest L. SOME CONSIDERATIONS 
IN DETERMINING THE ORIGIN OF ORE DEPOSITS 
OF THE MISSISSIPPI VALLEY TYPE: Econ. Geology, 
v. 54, no. 5, p. 769-789, 3 maps, cross sec., 
Aug. 1959, 58 refs. 

New information since the publication of 
Special Paper 24 of the Geological Society of 
America in 1939 are reviewed. Consideration of the 
identifying characteristics of deposits of this type 
strongly suggests that all of them had the same gen- 
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eral mode of origin and that consideration of the 

group as a whole rather than individually offers a 
better chance of determining that mode of origin. 
-- Auth. 


1-2005. Christ, C. L., andR. M. Garrels. 
RELATIONS AMONG SODIUM BORATE HYDRATES 
AT THE KRAMER DEPOSIT, BORON, CALIFORNIA: 
Am. Jour. Sci., v. 257, no. 7, p. 516-528, diag., 

5 graphs, Summer 1959, 16 refs. 


The present relations among the hydrated 
sodium borate minerals at the Kramer deposit at 
Boron, California, when considered in the light of 
laboratory results on vapor pressure measurements 
and solubility polytherms of the NagB407—H 0 
system, and of the crystal structure of borax and the 
colemanite series of minerals, show that the ore 
body was originally deposited as a chemical precipi- 
tate of borax from a saline lake at 25-35 C.and 
that conversion of borax to kernite took place on 
burial to a depth of the order of 2,500 ft. and in the 
temperature range 53°-63° C. Crystal chemical 
considerations provide an adequate explanation of 
some of the apparently anomalous and puzzling 
features of the experimental physical chemical 
results previously found for the NayB407—H 90 
system, and indicate that the formulas for borax, 
tincalconite, and kernite are correctly written as 
Na9B40.(OH)4: 8H20, Na B4O5(OH)4: 3H20, and 
NagB 40¢(OH)9: 3H20, respectively. -- Auth. 


1-2006. Murray, W. J., andS. R. Carter. 
SOURCE BED CONCEPT. MOUNT ISA - EPI- 
GENETIC OR SYNGENETIC: Econ. Geology, v. 54, 
no. 5, p. 953-956, map, Aug. 1959, 5 refs. 


THE 


The writers do not agree with statements made by 
B. P. Walpole (Econ. Geology, v. 53, p. 890-893, 
1958) that the Mount Isa (W. Queensland, Australia) 
crenulations and breccias are examples of primary 
slump structures. The interrelation of the various 
structural features and their obvious association 
with tectonic stress rules out slumping as a major 
feature. 

A syngenetic origin for the ore bodies was first 
considered 20 years ago, and the basic principles 
of a syngenetic origin have influenced field explora- 
tion by Mount Isa Mines Ltd. in various parts of 
Australia for several years. Applied to the Mount 
Isa deposits, however, it still fails to explain 
several major features of the mine geology. 

The writers also deal with several other points 
raised by Walpole involving a metasomatic replace- 
ment origin for Mount Isa Pb-Zn ore and the presence 
of banding in Mount Isa ore. Mention is also made of 
his failure to discuss the larger Cu ore bodies. 

At this time it cannot be established satisfactorily 
whether the ore is syngenetic with the shale, or 
whether it was syngenetic elsewhere in the shales 
and epigenetic to its present location, or whether it 
is of magmatic (or migmatic) origin. There is 
positive and negative evidence for and against the 
complete acceptance of each of these possible modes 
of origin. The most important problem at Mount 
Isa is the relationship of the Cu deposits to the Pb- 
Zn deposits. 

It is concluded that the Mount Isa deposit is unique 
and that the theories of Walpole do not present an 
adequate solution to its origin. --L. M. Dane. 


1-2007. Finch, Warren I. PENECONCORDANT 
URANIUM DEPOSIT - A PROPOSED TERM: Econ. 
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Geology, v. 54, no. 5, p. 944-946, 14 refs. 


The term peneconcordant is proposed to describe 
the form of the numerous and highly productive U 
deposits in sedimentary rocks of the Colorado 
Plateau, Wyoming, the Dakotas, and Texas. Pene- 
concordant U deposits are tabular, lenticular, or 
irregularly-shaped masses of widely differing size 
that are, in general, concordant to the gross sedi- 
mentary structures of the enclosing rock but that in 
detail cut across sedimentary structures. They 
differ from vein deposits in that they do not occupy 
or follow fractures or shear zones in the sedimen- 
tary rocks. Furthermore, they are not coextensive 
with a specific lithologic unit, such as U-bearing 
marine black shale. 

The many terms now used to describe these U 
deposits are based variously on petrographic, 
mineralogic, geographic, and genetic considera- 
tions; none is satisfactory for describing all these 
deposits having a common and distinctive form. 
Furthermore, some of the terms are ambiguous 
and have been commonly used to group together 
deposits having distinctly different forms. 

The term peneconcordant U deposit clearly sets 
apart a widespread and important type of U deposit 
that has a common and distinctive form, namely, 
nearly concordant to the bedding of the host rock. 
The meaning of the term is self-evident, and the 
term is readily applicable to field usage. --From auth. 


1- 2008. Klemic, Harry, John H. Eric, James R. 
McNitt, and Frank A. McKeown. URANIUM IN 
PHILLIPS MINE - CAMP SMITH AREA, PUTNAM 
AND WESTCHESTER COUNTIES, NEW YORK: U. S. 
Geol. Survey, Bull. 1074-E, p. 165-197, 5 illus. 

(3 in pocket), geol. map scale approx. 1 in. to 267 
ft., June 1959, 15 refs. 


Uraniferous rock was discovered in the Phillips 
mine-Camp Smith area in 1953. Precambrian rocks 
of the Hudson Highlands of the New England physio- 
graphic province underlie the area. Hornblende 
pegmatite intrudes hornblende gneiss and diorite. 

The hornblende pegmatite and diorite are conformable 
with regional structures in the gneiss. Crosscutting 
bodies of oligoclase-quartz pegmatite intrude the 
diorite and hornblende gneiss. 

Uraninite occurs in hornblende pegmatite and in 
adjacent hornblende gneiss and diorite in an elongate 
zone that is mineralized with magnetite and iron sul- 
fides. The mineralized zone strikes NE. and dips 
steeply NW. The Phillips pyrrhotite-pyrite ore body 
at the NE. end of this zone plunges NE. The uraninite 
is in crystals and grains, most of which range from 
a millimeter to a centimeter in diameter. Subhedral 
uraninite crystallized from the pegmatite magma. 
The isotopic age of a crystal of uraninite from the 
hornblende pegmatite is about 920 million years. 

Magnetite probably was emplaced during the latest 
stages of the consolidation of the hornblende pegmatite 
and is associated with secondary augite resulting from 
the alteration, possibly pneumatolytic, of hornblende 
in the pegmatite and adjacent rocks. The solutions 
that deposited magnetite and altered hornblende to 
augite embayed and rounded some of the uraninite 
crystals. Iron sulfides probably were deposited by 
hydrothermal solutions that followed the main channels 
through which the hornblende pegmatite magma and 
the magnetite solutions had been introduced. Later 
oligoclase-quartz pegmatite intruded the area discor- 
dantly. The Pb-alpha age of zircon from the oligo- 
clase-quartz pegmatite is about 620 million years. 
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Results of exploration suggest that the deposits are 
submarginal under 1955 marketing conditions for U. -- 
Auth. 


1-2009. LaGanza, R. F. PYRITE INVESTIGATIONS 
AT NAIRNE, SOUTH AUSTRALIA: Econ. Geology, 

v. 54, no. 5, p. 895-902, 4 illus., Aug. 1959, 

10 refs. 


The sulfide deposit, which is the Nairne Pyritic 
formation, contains at least 5 varieties of FeSo, 3 
of which are of secondary origin. The main bulk of 
the FeS9 is pyrite that probably owes its origin to 
sedimentary and subsequent metamorphic processes. 
Some of the FeS2 occurs as pyrite in relatively 
large veins containing a suite of Ag-Sb minerals; 
these veins may have a hydrothermal origin. 

Two varieties of secondary FeS, are the result 
of pyrrhotite alteration. The concentric FeS9 con- 
sists of pyrite, marcasite, or pyrite and marcasite. 
It is characterized by a porous concentric structure 
‘and is extremely fine grained, thus presenting 
problems in flotation. The zoned pyrite may be 
either a direct replacement of the pyrrhotite or a 
replacement of the concentric FeSj. The third 
variety of secondary FeS,5 occurs with zeolite, 
siderite, and limonite and is definitely a product 
of weathering. -- Auth. 


1-2010. El Shazly, E. M., andG. S. Saleeb. 


- CONTRIBUTIONS TO THE MINERALOGY OF 


EGYPTIAN MANGANESE DEPOSITS: Econ. 
Geology, v. 54, no. 5, p. 873-888, 4 illus., map, 
chart, 16 tables, Aug. 1959, 12 refs. 


Mineralogical investigations are carried out on 
Mn and Fe minerals from the manganiferous 
deposits of Sinai and the Eastern Desert. These 
investigations show that pyrolusite and manganite 
are the most widely distributed and predominant 
among the Mn minerals; psilomelane and crypto- 
melane are less common, and ramsdellite is un- 
common, being present only in minute amounts. 
Furthermore, the Fe minerals are more abundant 
in Sinai, and they are essentially represented by 
goethite and less hematite. 

During the present mineralogical studies, new 
data are recorded for the properties of the Mn and 
Fe minerals, especially their micro-hardness and 
reflectivity. -- Auth. 


1- 2011. Tallon, Walter A., and Richard G. Hunter. 
HIGH-ALUMINA CLAYS OF WEST VIRGINIA: West 
Virginia Geol. & Econ. Survey, Rept, Inv. no. 17, 
49 p., 7 illus., 5 maps, June 1959, 9 refs. 


The paper begins with a short discussion of 
prospective value of high-alumina clays as ores of 
Al, then describes methods of collection and pre- 
paration of samples and of analysis, and gives 
statistics of stratigraphic and geographical locations 
and alumina percentages of samples. The geology of 
the formations from which the samples were obtained 
is discussed in general terms, and the sections from 
which samples were taken are described. The 
paper ends with a tabulation of results of all the 


‘analyses made. --O. L. Haught. 


1-2012. Karkhanavala, M. D., A. C. Momin, 
and S. G. Rege. AN X-RAY STUDY OF } 
LEUCOXENE FROM QUILON, INDIA: Econ. 
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Geology, v. 54, no. 5, p. 913-918, Aug. 1959, 
11 refs. 


The commercial leucoxene concentrate from 
Quilon has been studied by X-ray diffraction methods. 
This concentrate consisted primarily of the altered 
grains of leucoxene and some unidentified black 
grains. The leucoxene grains, depending on their 
color were hand-picked into 3 fractions, which were 
analyzed to contain chiefly:1) rutile and pseudobrookite, 
2) rutile and pseudobrookite with some anatase, 3) 
rutile and anatase. Small amounts of hematite were 
found in all the fractions. 

The black grains were found to be a mixture 
mainly of anatase and pseudobrookite. These grains 
also contained a few ilmenite grains, most probably 
carried over as a mechanical impurity. Ilmenite 
was not found in any other fraction. -- Auth. 


1-2013. Schnellmann, G. A. FORMATION OF 
SULFUR BY REDUCTION OF ANHYDRITE AT RAS 
GEMSA, EGYPT: Econ. Geology, v. 54, no. 5, p. 
889-894, map, Aug. 1959, 4 refs. 


Reduction of dissolved sulfates by bacteria to 
produce elemental S at ordinary temperatures is an 
established process, but Hofman and Mostowitsch's 
work has been generally held to prove that reduction 
in the solid state by inorganic processes cannot take 
place below 800° C. The Ras Gemsa S deposit af- 
fords new field evidence that conflicts with these 
laboratory data, and it is concluded that inorganic 
reduction can, in fact, occur at moderate tempera- 
tures. This view is supported by Gualtieri's inter- 
pretation of the origin of the Italian S deposits. It 
is suggested that the laboratory and field evidence 
can be reconciled by appeal to the effect of an un- 
identified catalyst. -- Auth. 


1-2014. Zans, V. A. SILICA SAND DEPOSITS 
OF HODGES, ST. ELIZABETH: Jamaica, Geol. 
Survey Dept., Occasional Paper, no. 2, 20 p., 1958. 


There are 741,000 tons of proved and 800,000 tons 
of probable reserves of silica sand with 99. 15% SiO9 
and 0. 04% Fe O.. The proportion of fines is rather 
high (35 to 40%, ~100 mesh). The sand, after bene- 
ficiation to remove fines, is suitable for glassmaking; 
it is also suitable for ceramics, abrasives, filtering, 
and foundry sand. --V. R. E. (courtesy Ceramic 
Abstracts, June 1959, p. 169). 


1-2015. Furcron, A. S. THE DISTRIBUTION AND 
CHARACTER OF STONE FOR AGGREGATE IN 
GEORGIA: Georgia Mineral Newsletter, v. 12, no. 
1, p. 1-8, 7 illus., geol. map, Spring-Summer 
1959, 37 refs. 


In the Coastal Plain of Georgia, which covers 
approximately 60% of the state, the principal source 
of stone will be Tertiary limestones, particularly 
the outcropping belt of Ocala. These limestones 
are not as hard as present requirements for aggre- 
gate generally demand, but with judicious planning, 
a very large supply of limestone can be obtained 
for all of the common uses to which this rock is 
applied. 

In the crystalline and highland area of the state 
(approximately 30%) granites, foliated granites, 
and migmatites are producing at present most of 
the commercial crushed stone. Along the southern 
marginal belt of the Piedmont, metavolcanic rocks 
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also are supplying a considerable amount of aggre- 
gate. The granite rock types will remain in the ' 
future a dominant source of supply for this district. 

In the Paleozoic area which includes all or parts 
of about 10 northwestern counties (10% of the state) 
the principal rocks have been and probably will re- 
main the Conasauga limestone, Mississippian lime- 
stones, and to a lesser extent, Ordovician lime- 
stones. -- Auth. concl. 


1-2016. Ohio, Division of Geological Survey. 

A CENTURY AND A HALF OF OHIO'S MINERALS: 
Its: Inf. Circ. no. 24, 61 p., illus., tables, 1959, 
refs. 


Since 1800 the mineral extraction industries of 
Ohio have removed from the state's reserves enormous 
tonnages of nonmetallic minerals which today exceed 
the total value of the so-called precious minerals. 
Some of these extraordinary totals among the industrial 
minerals are: limestone and dolomite with a production 
of 906 million tons, sandstone with 93 million tons, 
clay 179 million tons, salt 92 million, sand and gravel 
578 million. The mineral fuel figures are: coal pro- 
duction almost 2 billion tons, natural gas 3 trillion 
cu. ft. and oil 650 million barrels. None of these 
figures include the losses incurred in recovery and 
marketing. 

Mineral resources occur in all parts of Ohio with 
the pattern of distribution of each resource dependent 
on the geology of the state. The Ohio Geological Sur- 
vey is carrying on research and gathering data on the 
different kinds of mineral deposits of Ohio. Several 
cooperating agencies are also contributing research. -- 
P. Smyth. 


1-2017. Thomson, Robert D., and Mary E. Otte. 
THE MINERAL INDUSTRY OF PENNSYLVANIA IN 
1957: Pennsylvania Geol. Survey, Inf. Circ. 15, 39 
p., fig., 15 tables, July 1959. 


Sixteen of the 25 mineral commodities produced in 
Pennsylvania in 1957 increased in value of output. 
Bituminous coal, natural gas, petroleum, and Fe ore 
showed the greatest growth. However, over-all min- 
eral output in Pennsylvania was lower in 1957 than in 
1956. Substantially lower total values for cement, 
clays, sand and gravel, and stone resulted in a decline 
of over $7 million in the total value of Pennsylvania's 
mineral output. 

Mineral fuels, valued at $795 million, supplied 73% 
of the total value of all minerals; nonmetals, valued at 
$286 million, contributed 26%, and metals 1%. 

Sixty-six of the 67 counties reported production of 
one or more mineral commodities. The major produc- 
ing counties (in order of decreasing value) were: 
Washington, Luzerne, Greene, Northampton, Schuyl- 
kill, Cambria, and Allegheny. -- Auth. 


1-2018. Kerr, James R., and Jean Pendleton. THE 
MINERAL INDUSTRY OF WEST VIRGINIA (1956-57): 
West Virginia Geol. & Econ. Survey and U. S. Bur. 
Mines, 17 p., 1959. 


This paper presents statistics of mineral production 
in West Virginia during the years 1956 and 1957, with 
reviews of activities in each locally important branch 
of mineral industry - coal, oil and gas, cement, clays, 
lime, salt, sand and gravel, stone, and smelting of 
ores produced outside the state. A final section re- 
views mineral industry activity in each individual 
county. --O. L. Haught. 


13. FUELS 


See also: Areal and Regional Geology 1-1880; Mineral 
Deposits 1-2016, 1-2017, 1-2018. 


1-2019. Buchanan, George S. ARE WE RUNNING 
OUT OF OIL? Am. Assoc. Petroleum Geologists, 
Bull., v. 43, no. 7, p. 1497-1499, July 1959. 


The United States has been running out of oil 
since the first day of production fram the first well 
100 years ago. More important is the consideration 
of how quickly our supply is being depleted and what 
our alternatives for meeting the demand should be. 

Recently there has been a shift from concern 
about domestic supplies to rapid advances in foreign 
exploration. The author feels that this trend is not 
wise for several reasons. In some countries, no 
consideration was given to the existing politics, 
currency, or even to basic geologic factors. Foreign 
exploitation should be designed primarily to meet the 
needs and markets of the areas in which the oil is 
found. We should import only enough to help 
stabilize the world market and to insure that we do 
not overproduce our wells. Also, money spent on 
foreign exploration reduces that available for 
domestic use. 

More thought should be given to keeping our 
domestic picture strong and in balance. For ex- 
ample, more attention could be given to our offshore 
production as well as to the production of liquid 
hydrocarbons from oil shales and tar sands. There 
are innumerable ways in which our production could 
be augmented and improved. -- L. M. Dane. 
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1-2020. Kartsev, A. A., Z. A. Tabasaranskiy, 
M. I. Subbota, and G. A. Mogilevskiy. GEO- 
CHEMICAL METHODS OF PROSPECTING AND 
EXPLORATION FOR PETROLEUM AND NATURAL 
GAS. English translation edited by Paul A. Wither- 
spoon and William D. Romey: 347 p., 151 figs. 
incl. illus., maps, diags., graphs, 37 tables, 
Berkeley and Los Angeles, University of California 
Press, 1959, 335 refs. 


A translation of Geokhimicheskiye Metody Poiskov 
i Rasvedki Neftyanykh i Gazovykh Mestorozhdeniy, 
originally published in 1954. The emphasis in geo- 
chemical prospecting in the U.S.S.R. has changed 
somewhat since 1954, but the fundamental ideas and 
techniques presented here have not. The book is 
intended as a text for students of petroleum science 
and for petroleum geologists in their practical work. 
Most of the illustrations were adapted from the 
original publication and the legends translated into 
English; a number were provided by the authors. 
Explanatory footnotes are given where needed with 
regard to translation of certain Russian terms, and 
a generalized geologic column for the oil producing 
region of the U.S.S.R. is appended for those not 
familiar with stratigraphic names in the U.S.S.R. 
The original table of contents has been greatly ex- 
panded as a guide to the details of the subject matter. 
A bibliography follows each chapter. --From ed. and 
auth. pref. 

Contents: Chap. 1. The geochemistry of petroleum 
formations: properties of petroleum; physical and 
chemical conditions in petroleum formations; geo- 
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chemical processes in petroleum formations; causes 
of petroleum variability; geochemical peculiarities 
of the gases, waters, and rocks of petroleum forma- 
tions. 

Chap. 2. Classification of geochemical prospecting 
methods: geochemical indices of petroleum; classifica- 
tion of geochemical methods according to indices used; 
classification of geochemical methods by objective and 
by organization. 

Chap. 3. The geochemistry of gases: gaseous min- 
erals, gaseous associations; properties of gases; types 
of gases; origin of gases and their genetic classifica- 
tion. 

Chap. 4. Gas surveys: brief history of gas sur- 
veying; theoretical basis; various types of gas sur- 
veys; methods of field work; gas analysis; inter- 
pretation of gas survey results. 

Chap. 5. Core-gas surveys: problems and origin 
of the method; theoretical basis; methods of field 
work; method of degassing cores; interpretation of re- 
sults; other methods of studying the gas content of 
COTES. 

Chap. 6. Oil and gas logging: theoretical basis; 
methods and apparatus; automatic and semiautomatic 
logging equipment; method of calculating lag of the 
drilling mud; factors affecting results of oil and gas 
logging; interpretation of oil and gas logs. 

Chap. 7. Bitumen methods: basic information on 
bituminology; methods of quantitative analysis; ap- 
plication of bitumen methods. 

Chap. 8. Bitumen-luminescence methods: basic 
information on luminescence of bitumens; lumin- 
escence analysis of bitumens; application of methods. 

Chap. 9. Hydrochemical methods: direct hydro- 
chemical indicators of petroleum; indirect hydro- 
chemical indicators; water analyses; application of 
hydrochemical methods; hydrochemical indicators of 
structure. 

Chap. 10. Water-gas surveys: basic information ; 
methods and apparatus; survey results and their 
interpretation. 

Chap. 11. Soil-salt methods: various types of 
methods; application; radioactivity surveys. 

Chap. 12. The oxidation-reduction potential 
method: application. 

Chap. 13. Microbiological methods: theoretical 
basis; indicator and control microorganisms in 
prospecting for oil and gas; main varieties of the 
microbiological method; microbiological results and 
their interpretation; geobotanical indicators. 

Chap. 14. The role of geochemical methods in 
petroleum prospecting. 


1-2021. Johnson, Gerald W. EXPLOITATION OF 
OIL SHALE DEPOSITS BY NUCLEAR EXPLOSIVES: 
Jour. Petroleum Technology, v. 11, no. 6, p.20-21, 
port., 2 figs., table, June 1959. 


By exploding a nuclear device at depth it should 
be feasible to shatter a formation of shale and permit 
recovery of oil by retorting in place. The Rio Blanca 
County, Colorado, shale deposits would cost about 6¢ 
per broken ton. The use of the nuclear devices would 
permit the exploitation of some natural resources to 
greater depths than economically possible with other 
methods. 

The Rainier underground blast was fired in a 252 

cu. -ft. room in tuff at 790 ft. depth. 
the rock for about 15 ft. and expanded the room to a 
radius of 55 ft., at which time the walls were lined 
with 4 in. of melted rock at a temperature of about 
2,500°F. It crushed the rock outward to a radius of 
130 ft., producing about 500,000 tons of crushed 
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The shock melted 


rock; subsequent caving of the roof produced an 
additional 200,000 tons. Radioactivity was practically 
all trapped in insoluble molten glass and so unavailable 
to the groundwater. The depth of burial for complete 
containment of radioactivity is 450 W 1/3 ft. where W 
is the energy released in kilotons of TNT equivalent. 
In practice the charge should be placed just below the 
tar sand, permitting it to collapse into the cavity 
where it would be heated. An oil field might be 
developed for a cost of $1.00 per recoverable barrel 
of oil in the ground. --M. Russell. 


1- 2022. Weeks, Lewis G., ed. HABITAT OF OIL, 
INCLUDING PAPERS PRESENTED AT THE FORTIETH 
ANNUAL MEETING OF THE ASSOCIATION, AT NEW 
YORK, MARCH 28-31, 1955, AND SOME ADDITIONAL 
PAPERS; A SYMPOSIUM, CONDUCTED BY THE 
AMERICAN ASSOCIATION OF PETROLEUM GEOLO- 
GISTS: 1384p., illus., maps, secs., diags., graphs, 
tables, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958, refs. 


A group of 56 papers concerning the habitat of 
most of the oil found in the world to 1955. Follow - 
ing a general review on the habitat of oil are 20 
papers on North America, 5 dealing with South 
America, 9 topical papers, 5 dealing with typical 
modern basins, 7 on Europe, 5 on the Middle East, 
and 4 on the Far East. Each of these papers is 
abstracted separately below in the order in which 
it appears in the symposium. -- A. C. Sangree. 


1-2023. Weeks, Lewis G. HABITAT OF OIL AND 
SOME FACTORS THAT CONTROL IT: (In: Weeks, 
Lewis G., ed. Habitat of Oil.,.; a Symposium...: p. 
1-61, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 15 refs. 


A general review embodying results of a sum - 
mary analysis of the papers included in this sym- 
posium on oil occurrence. The author deals with 
the following topics: world-wide parallelism of 
events; basin evolution; special features of basin 
development and architecture; interrelationship of 
oil occurrence with basin form, environment, and 
facies; isopach-facies-oil-occurrence maps; dep- 
osition rates-unconformities; relation of oil occur- 
rence to unconformities; permeability along and 
transverse to bedding; faults as barriers to, rather 
than conduits for, migration; considerations in the 
identification of an oil's source; source-reservoir 
relationships in Iraq; bacterial activity; modern 
basins as a key to the past; variation of oil gravity 
with basin position hydrodynamic control of oil 
occurrence; carbonate dolomitization and recrystal- 
lization; relation of evaporites to sedimentation 
and oil occurrence; hydrocarbons in subsurface 
waters; proved reserve and total potential resource 
estimates. --A. C. Sangree. 


1-2024. Barbat, William F. THE LOS ANGELES 
BASIN AREA, CALIFORNIA: (In: Weeks, Lewis G., 
ed. Habitat of Oil...; a Symposium...: p. 62-77, 

9 figs. incl. 6 maps, cross sec., 2 tables, Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 41 refs. 


For its size, the Los Angeles basin has proved to 
be one of the richest oil-producing areas in the world. 
It is taken as an example of optimum conditions in the 
"habitat of oil." 

The high productivity of this area may be governed 
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by the following factors. 

1. Ample deposition of organic material. 

2. Adequate protection from chemical and bio- 
logical destruction. 

3. Ample load compression, particularly in the 
center of the basin, to squeeze entrapped fluids from 
the fine-grained rocks. 

4. Ample interfingering of carrier and reservoir 
sands of lateral persistence with the fine-grained 
rocks. 

5. Available traps of considerable size near the 
margins of the basin to remove hydrocarbons from 
the fluids before they were expelled. 

6. Relative geological youth of the area, absence 
of a long-standing load of superjacent rock and a 
single, moderate orogeny resulting in little post- 
depositional alteration of the sediments. 

7. Absence of large-scale uplift and major 
erosion, with consequent preservation of reservoir 
fluids and pressures. 

8. Intense exploration and development. -- Auth. 


1-2025. Schwade, Irving T., Stanley A. Carlson, 
and James B. O'Flynn. GEOLOGIC ENVIRONMENT 
OF CUYAMA VALLEY OIL FIELDS, CALIFORNIA: 
(In: Weeks, Lewis G., ed. Habitat of Oil...; a 
Symposium...: p. 78-98, 12 figs. incl. 5 maps, 
secs., Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 8 refs. 


Cuyama Valley, in the southeastern part of the 
Salinas-Cuyama Tertiary basin of the southern Coast 
Ranges of California, contains the major Russell 
Ranch and S. Cuyama oil fields, which have produced 
respectively over 40 and 67 million barrels of 35° 
A. P. I. -gravity oil from unitized and pressure-main- 
tained reservoirs since mid-1948 and mid-1949. 
Production from the fault-trapped reservoirs is 
derived respectively from 290 and 480 ft. of Vaqueros 
(lower Miocene) sands at depths ranging from 2,800 
to 4,300 ft. ; productive areas comprise 1,400 and 
2,500 acres. In addition, there are 3 minor fields 
in Cuyama Valley. 

San Ardo, the only other major field, is located 
in the northwestern portion of the Salinas-Cuyama 
basin. This field produces 11. 3° gravity oil from 
upper Miocene sands at depths of 1,800 to 2,400 ft. , 
from an area of about 4,000 acres. Cumulative 
production to July 1, 1956 has been 50 million bar- 
rels. 

The Salinas-Cuyama basin, which is approximately 
160 mi. long and 28 mi. wide, is bounded on the NE. 
and SW. by the San Andreas and Nacimiento fault zones, 
respectively. It is underlain by granitic basement 
and contains up to 7,000 ft. of lower Miocene marine 
clastics. In the Cuyama portion of the Miocene basin 
a thick continental section grades southwestward into 
a very thick shallow-water marine section composed 
principally of deltaic sands. These, in turn, change 
rapidly southwestward to a thin section of marine 
organic shales and sands of the oil-producing, 
moderately shallow-water belt, which thins rapidly 
southwestward. ‘These sharp thickness and facies 
changes are accentuated by reverse faults of probable 
Quaternary age. Locally these faults have a pro- 
minent strike-slip component of displacement and 
conceal at least one important, old and steep lateral 
fault which further accentuated the stratigraphic 
changes. 

The original Salinas-Cuyama Miocene basin has 
been elongated many miles by cumulative movements 
on NW. -trending right lateral-slip faults which now 
juxtapose formerly widely separated sedimentary 
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facies. In Cuyama Valley, one of these is the buried 
Russell fault which traps most of the oil, and another 
probable one, aided by reverse faulting, explains 

the close proximity of thick deltaic and thin basin 
facies. -- Auth. 


1-2026. Simonson, Russell R. OIL IN THE SAN 
JOAQUIN VALLEY, CALIFORNIA: (In: Weeks, 
Lewis G., ed. Habitat of Oil...; a Symposium...: 
p. 99-112, 11 figs. incl. 7 maps, secs., Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958). 


More than 6 1/2 billion barrels of oil have been 
discovered in the San Joaquin Valley. Approximately 
4 1/4 billion barrels have been produced, and there 
is a reserve of 2 1/4 billion barrels. San Joaquin 
Valley oil fields account for 42% of the annual pro- 
duction, and contain 45% of the reserves of the state. 

Ninety percent of the oil produced to date has 
come from rocks which are Miocene or younger in 
age. Nonmarine sediments, largely of Miocene or 
later age, have accounted for 1 1/2 billion barrels 
of oil, or 35% of the total production of the valley. 
Oligocene and Eocene reservoirs are assuming 
importance as deeper drilling is done and new areas 
are explored. The pre-Tertiary sediments have 
accounted for less than 1% of the oil produced. How- 
ever, Cretaceous rocks are now being actively 
prospected. 

The San Joaquin Valley is a synclinorium some 
250 mi. long and 50-60 mi. wide, lying between the 
Sierra Nevada Mountains to the E. and the Coast 
Ranges to the W. The maximum depth to the base- 
ment is estimated to be in excess of 30,000 ft. with 
the thickest sedimentary section being on the western 
side of the valley. Oil production is confined mainly 
to the southern portion which contains a thick section 
of organic Tertiary sediments. 

The San Joaquin Valley does not lend itself well 
to the basin analysis suggested by authors. The 
geosynclinal trough is present, as is the Sierra 
Nevada foreland to the E. Numerous faults of 
minor displacement along the E. side of the valley 
might be termed a "hingebelt"' but they interrupt the 
regional dip in only a minor way. 

The San Andreas and other faults of large lateral 
displacement have probably altered or removed the 
"geanticlinal welt, "' if it ever existed, on the W. 
side of the valley. Furthermore, the western 
boundary of the valley has been transgressed many 
times by Tertiary seas making it difficult to deter- 
mine the exact outline of the San Joaquin "basin. "' 

In the San Joaquin Valley, oil is found in almost 
every type of trap. Anticlinal structures with 
complications either by faulting or stratigraphic 
changes have accounted for the major volume of 
production. Examples of this type of accumulation 
are fields on the Coalinga-Kettleman Hills anti- 
cline, the Elk Hills-Coles Levee anticline, the 
Rio Bravo-Greeley trend, the Wheeler Ridge- 

Tejon Ranch anticline, and the Belridge anticline. 
Oil occurs in faulted homoclines on the E. side 

of the valley at Round Mountain, Kern Front, 
Fruitvale, Mount Poso, and Mountain View. Sands 
open to outcrop but with low fluid level produce at 
East Coalinga. The Lakeview area of the Midway - 
Sunset field appears to be synclinal. Although sand 
is the reservoir rock for 95% or more of the fields, 
significant accumulations also occur in fractured 
shales at Elk Hills and Buena Vista Hills and in 
fractured schist basement at Edison. 

Inclined water tables have been noted in the 
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Coalinga Nose, North Dome of Kettleman Hills, 
Paloma, Coles Levee, Elk Hills, and other fields. 
Advocates of the hydrodynamic theory are opposed 
by those who consider such inclined water surfaces 
due to differences in permeability. In some cases 
water encroachment is opposed to direction of 
inclination. 

In the future, stratigraphic and fault traps should 
account for a larger percentage of oil discovered in 
the San Joaquin Valley than in the past. Obscure 
structural highs revealed by subsurface geology, 
detailed geophysics, or other methods will un- 
doubtedly contribute future discoveries. Recently, 
extensions and deeper drilling of known structures 
have accounted for substantial amounts of new oil 
and should continue to do so in the future. -- Auth. 


1-2027. Layer, Douglas B. CHARACTERISTICS 
OF MAJOR OIL AND GAS ACCUMULATIONS IN THE 


ALBERTA BASIN: (In: Weeks, Lewis G., ed. Habitat 


of Oil...; a Symposium...: p. 113-128, 7 maps, 3 
cross secs., table, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) ref. 


The Alberta basin covers part of 3 provinces in 
Western Canada, namely, British Columbia, Alberta, 
and Saskatchewan. It is 340,000 sq. mi. in area and 
contains 485,000 cu. mi. of sediments. The first 
geological work was carried out in 1857 by Sir James 
Hector, and the first commercial production of gas 
began in Medicine Hat in 1890. As of Dec. 1954, 
8,760 crew months of geophysical work have been 
carried out; 3,330 exploratory wells have been drilled 
with the discovery of 104 oil fields and 83 gas fields. 
Oil reserves are estimated at approximately 2 billion 
barrels. 

This paper does not cover in detail the geology and 
information on the basin but stresses that the keynote 
of the oil accumulations to date is that the major part 
of the oil (95%) has been found in stratigraphic traps 
of 2 types - 1) Devonian reefs, and 2) Cretaceous 
sand pinchouts in a homoclinal area with dips of a 
degree or less. From a depositional point of view 
both types are developed in shallow shelf areas. 

The variations in stratigraphy were probably caused 
by shifts in basin shape and microtectonics in the 
immediate vicinity, but these latter cannot be 
mapped structurally today. 

The occurrence of the Devonian reef fields is 
discussed, showing the relationship of these fields 
to the changes in shale-carbonate ratios. The Viking 
sandstone is used as the example of Cretaceous 
sand pinchouts, and the oil and gas fields are shown 
with relationship to the Viking member itself and to 
the regional changes in sand thickness. As shown 
by isogravity maps a similar quality oil is found 
in both the Devonian reef and Cretaceous sands, 
and very little change occurs over a broad areal 
extent regardless of present depth of burial. 

The similar types of crude are indicative of 
similar environments and tectonic history. Long- 
range vertical or lateral migration from a central 
source is probably not the answer. The ideal 
relationship of source and reservoir rock appears 
to be the association of relatively small anaerobic 
lagoons or embayments set up in a shallow sea by 
restriction of currents due to reef growth or sand 
bar developments. -- Auth. 


1-2028. Darling, G. B., and P. W. J. Wood. 
HABITAT OF OIL IN THE CANADIAN PORTION OF 
WILLISTON BASIN: (In: Weeks, Lewis G., ed. 
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Habitat of Oil...; a Symposium...: p. 129-148, 13 
maps, 4secs., Tulsa, Oklahoma, American Associa- 
tion of Petroleum Geologists, 1958) 2 refs. 


Important oil pools have been discovered on the 
northeastern and northwestern flanks of the Canadian 
portion of the Williston basin. These flanks are stable 
shelf areas of thin sediments, facies changes, and 
gentle sedimentary truncation. It is in these stable, 
almost structureless shelf areas that the bulk of the 
oil is pooled. Although the present major reserves 
are located on these shelf areas and restricted to 
Mississippian, Jurassic, and Lower Cretaceous rocks, 
the basin is complicated by earlier configurations, 
in particular, the transverse Middle Devonian salt 
basin. j 

Oil accumulations in the Canadian portion of the 
Williston basin apparently have not been affected by 
salt tectonics or recent uplifts such as the Bowdoin 
dome. The pools are essentially stratigraphic traps 
closely associated to the post-Mississippian and post- 
Jurassic unconformities. Minor tectonics in late 
Mississippian, Jurassic, and early Lower Cretaceous 
time have localized these accumulations. This is a 
sharp contrast to the United States portion of the 
Williston basin where the major pools are restricted 
to Paleozoic rocks, and a number of tectonic struc- 
tures are readily recognized and well known. 

This paper discusses some of the features con- 
trolling Mississippian and Jurassic oil accumulations. 
-- Auth. 


1-2029. Smith, G. Wendell, George E. Summers, 
Jr., Dale Wallington, and Jean L. Lee. MISSIS- 
SIPPIAN OIL RESERVOIRS IN WILLISTON BASIN: 
(In: Weeks, Lewis G., ed. Habitat of Oil...; a 
Symposium...: p. 149-177, 21 maps, 5 cross secs. , 
8 tables, Tulsa, Oklahoma, American Association 
of Petroleum Geologists, 1958) 8 refs. 


In the Williston basin, oil occurs principally in 
carbonate reservoirs of the Mississippian which 
exhibit structural folding of varying intensity, but 
facies changes are the basic controlling factor of 
accumulation. Unconformities also constitute an 
essential part of the flank habitats. Maps and cross 
sections of many fields in North Dakota, Saskatchewan, 
and Manitoba illustrate the controlling factors of ac- 
cumulation. A lithologic cross section of the Madison 
group from the outcrop in the Little Rocky Mountains 
of Montana through the depths of the basin to the 
eastern wedge edge in North Dakota shows the facies 
changes in this sequence of rocks. -- Auth. 


1-2030. Pye, Willard D. HABITAT OF OIL IN 
NORTHERN GREAT PLAINS AND ROCKY MOUN- 
TAINS: (In: Weeks, Lewis G., ed. Habitat of 
Oil...; a Symposium...: p. 178-224, 21 maps, 
chart, cross secs., diag., Tulsa, Oklahoma, 
American Association of Petroleum Geologists, 
1958) 87 refs. 


The habitat of oil in the northern Great Plains and 
adjacent Rocky Mountain region is related to the sedi- 
mentational, erosional, tectonic, and igneous history 
of the area. 

The sedimentational history is that of a western 
geosyrclinal sedimentary facies changing eastward 
into a shelf and marginal facies as the seas repeatedly 
overlapped across a “continental platform" which 
extended continuously eastward to merge with the more 
stable Canadian Shield. Through the Cambrian and 
Ordovician there were progressive eastward en- 
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croachments of the seas across the Precambrian 
basement complex. Variations in the land and sea 
pattern and in sedimentary types were the result of 
differing sea connections and areas of warping. | There 
was a general withdrawal of the seas in the region 
during the Silurian, followed by the re-establishment 
of marginal and epeiric seas during the Devonian and 
Mississippian. Late Mississippian, Pennsylvanian, 
and Permian seas gradually shrank. At the beginning 
of the Mesozoic there was again a progressive east- 
ward overlap until by middle Upper Cretaceous, 
marine sediments were deposited over all the upper 
Great Plains, much of Minnesota, and farther E. 

During the latest Cretaceous and earliest Tertiary 
the marine basins were drained and gradually filled 
so that later Tertiary deposition consisted of continental 
sediments in the form of alluvial, lacustrine, and vol- 
canic accumulations. The middle and late Cenozoic 
history of the region is essentially one of extensive 
erosion, except for the fluviatile, glacial, and 
lacustrine deposits which were formed in certain 
areas in Pleistocene time. 

In evaluating the stratigraphic: oil possibilities of 
an area, the relationship of overlying beds to under- 
lying beds is important. Formations, normally con- 
sidered nonproductive, may become productive if they 
contain reservoir beds that are brought into juxta- 
position with source beds or other reservoirs. An 
analysis of the age relationships of beds in contact 
with each other, as well as a study of their lithological 
characteristics, is necessary for an evaluation. 

A fair evaluation of the oil possibilities of a 
particular area depends upon the analysis and inter- 
pretation of the 1) nature of the traps present, 2) 
local stratigraphic variations, 3) sedimentational 
environments, 4) regional and local tectonic histories, 
and 5) correlation of a structure with the period in 
which it originated and its later development. -- Auth. 


1-2031. Andrichuk, John M. MISSISSIPPIAN 
MADISON STRATIGRAPHY AND SEDIMENTATION 

IN WYOMING AND SOUTHERN MONTANA: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- 
posium...: p. 225-267, 6 maps, 8 cross secs., 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 77 refs. 


Madison sediments accumulated in 2 depositional 
realms - a basinal, predominantly limestone province 
in Montana and adjoining Dakotas; and the Wyoming 
shelf, characterized by prominent dolomitization on 
the S. The belt of transition in southern Montana and 
adjoining South Dakota showed relatively little migra- 
tion throughout deposition. W. of the Wyoming shelf, 
limestone and shale deposition took place in the Idaho 
geosynclinal trend. Southeastward to the Cambridge 
arch, Madison sediments were affected by increasing 
amounts of pre-Pennsylvanian erosion in Wyoming 
and western South Dakota. Mississippian sediments 
are absent from a part of southeastern Wyoming. 

Early, medial, and late stages of sedimentation 
may be differentiated on the basis of lithologic cycles 
or sequences developed in the Madison group. Early 
sedimentation was characterized by deposition of the 
approximate Lodgepole formation and equivalents, 
Guernsey Englewood, and lower Pahasapa formations. 
Deposition commenced earliest in the Williston basin 
and central Montana trough with the development of 
black shales, followed by dense limestone and shales; 
minor terrestrial to nearshore marine clastic sedi- 
mentation in the Black Hills area commenced some- 
what later, preceding and accompanying the initial 
marine transgression on the Wyoming shelf. Wide- 
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spread deposition of normal marine and fragmental 
odlitic limestones (mainly dolomitized equivalents 
in the shelf areas) occurred. Shoaling was pro- 
minent, and as a result local minor restricted 
deposition took place. 

Marine limestone and dolomite sedimentation, 
modified by 2 episodes of evaporite precipitation, 
occurred during medial Madison time. Mission 
Canyon carbonates containing an intermediate 
evaporite zone and overlain by the prominent basal 
Charles evaporites constitute the resulting middle 
unit. Evaporitic deposition was characterized by 
the precipitation of anhydrite and halite in the basinal 
areas at the N. Southward, progressively less 
restriction is demonstrated by the disappearance of 
halite, thinning of anhydrite, and the development 
of primary dense carbonate zones. 

Late sedimentation was characterized by 
restoration of normal marine conditions and de- 
velopment of a complex evaporite cycle (Charles 
formation, excluding basal evaporites). 

Big Snowy clastics were deposited in Chester 
time in the northern basinal areas. In other areas, 
pre- Amsden or pre-Pennsylvanian to pre-Middle 
Jurassic erosion had varying effects on the Madison 
surface. 

Limestone reservoirs in the basinal areas of 
Montana and North Dakota, and dolomites in north- 
western Wyoming yield Madison oil. Optimum facies 
changes and post-depositional tectonic effects make 
the Madison group an excellent prospective unit in 
many areas. -- Auth. 


1-2032. Curtis, Bruce F., John W. Strickland, 
and Robert C. Busby. PATTERNS OF OIL OC- 
CURRENCE IN THE POWDER RIVER BASIN: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym-_ 
posium...: p. 268-292, 10 figs. incl. 7 maps, secs. , 
3 tables, Tulsa, Oklahoma, American Association 
of Petroleum Geologists, 1958) 15 refs. 


Approximately 45% of Wyoming's oil production 
has come from fields in the Powder River basin which 
is a large asymmetric intermontane syncline lying in 
the northeastern part of the state. Every post- 
Proterozoic system except Silurian is represented in 
the basin, but the important oil-producing formations 
are of Cretaceous, Jurassic, Permian, and Pennsyl- 
vanian age. The structure of the basin is mainly a 
result of late Cretaceous - early Tertiary orogeny. 
However, major tectonic features appear to have an 
inherited orientation. 

The crude oils of Cretaceous age are strikingly 
different in composition from those of the Permian 
and Pennsylvanian. Jurassic oils have characteristics 
typical both of Mesozoic and Paleozoic crudes. 

Certain patterns of oil occurrence in the Powder 
River basin can be related to the structural history. 
Accumulations in structural features formed by the 
Cretaceous-Tertiary orogeny predominate, and oil 
fields are most numerous near the areas of most 
intense deformation. Isopach studies of pre-Tertiary 
formations indicate that early structural patterns 
had some influence on oil accumulation. 

The basin also displays oil-occurrence patterns 
dependent on stratigraphic history. The distribution 
of reservoir and source beds played an important 
part in localizing oil accumulations. Composition 
of the various crude oils is closely related to their 
depositional environments, although the characteristics 
of many oils have later been altered by other means. 

A pattern of increase in A. P. I. gravity with greater 
depth of burial can be distinguished in oils from for- 
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mations of similar age. : 
The geologic history of the Powder River basin is 


favorable to discovery of many more oil fields. -- 
Auth. 


1-2033. Partridge, John F., Jr. OIL OCCURRENCE 

IN PERMIAN, PENNSYLVANIAN, AND MISSISSIPPIAN 

ROCKS, BIG HORN BASIN, WYOMING: (In: Weeks, 

Lewis G., ed. Habitat of Oil...; a Symposium...: p. 

293-306, 9 maps, 2 cross secs., Tulsa, Oklahoma, 

ation Association of Petroleum Geologists, 1958) 
refs. 


The high incidence of oil in the Big Horn basin of 
Wyoming is primarily the result of the position of the 
basin on the stable foreland shelf of the deposition 
basin between the Cordilleran geosyncline and the 
interior basins throughout Permian, Pennsylvanian, 
and Mississippian time. A subsidiary deposition 
basin which formed on the site of the present basin 
during Permian time contributed largely to the oc- 
currence of oil in Phosphoria and Tensleep rocks. 
Later structural deformation which formed closed 
anticlines further localized the oil. The present 
occurrence of Paleozoic oil in the basin is dependent 
upon the age of structure, the relation of anticlines 
to the subsidiary Permian basin, the development of 
porosity, and the effect of water circulation. Ad- 
ditions to the known reserves of this basin will be 
discovered through proper understanding and ap- 
plication of these controlling factors of oil occurrence. 
-- Auth. 


1- 2034. Thompson, Raymond M. GEOLOGY AND 
OIL AND GAS POSSIBILITIES OF THE WIND RIVER 
BASIN, WYOMING: (In: Weeks, Lewis G., ed. Habitat 
of Oil... ; a Symposium...: p. 307-327, 6 figs. incl. 
10 maps, sec., table, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 45 refs. 


The Wind River basin ranks third in cumulative 
oil production in Wyoming, and is also third in size. 
The stratigraphy and structure are fairly well known 
although much remains to be learned about the deeply 
filled Tertiary portions which account for 75% of the 
area and over half the volume of the basin. Nineteen 
oil fields, 6 of which produce gas, plus 3 additional 
gas fields have been discovered along the well-ex- 
posed W. and S. margins of the basin. These fields 
have produced over 86 million barrels of oil plus 
about 100 billion cu. ft. of gas. Oil reserves are 
known to approximate 163 million barrels. With 
75% of the basin virtually unexplored it is reasonable 
to assume that many good oil fields remain to be 
found. 

The great volume of Tertiary rocks, almost un- 
explored, contains oil-saturated sands on many out- 
crops and in several wells that have penetrated the 
section. Gas has also been found, but not produced, 
in some of these sands. Major unconformities exist 
within the Tertiary and below it, and may have 
trapped oil and gas in commercial quantities. These 
rocks offer great future potential in both stratigraphic 
and structural traps. Beneath the Tertiary several 
thousand feet of Upper Cretaceous rocks, mainly 
Mesaverde, upper Cody, and Frontier, have barely 
been explored. Thick porous sands within these 
formations lens out in short distances. Some of the 
Paleozoic formations also offer a challenge, such as 
the Madison limestone, untested on many known 
structures. One reward for deeper drilling to evaluate 
older rocks is the expected increase of gravity. Most 
of the younger rocks carry high-gravity oils regardless 
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of depth. 

Entrapment of oil in the basin under hydrodynamic 
conditions may become an important part of future 
exploration. Also of future importance is the con- 
servation of reservoir energies and secondary re 
covery. -- Auth. 


1- 2035. McGinnis, C. J. HABITAT OF OIL IN 
THE DENVER BASIN: (In: Weeks, Lewis G. » ed. 
Habitat of Oil... ; a Symposium...: p. 328-343, 7 
maps, 5 cross secs., Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 


The Denver basin covers some 58,000 sq. mi. in 
portions of Colorado, Wyoming, South Dakota, Ne- 
braska, and Kansas, and is directly related to the 
series of intermontane basins developed in the Rocky 
Mountain mobile belt during the Laramide revolution. 
Although preponderantly of Cretaceous age, sediments 
in the Denver basin range from Cambrian to Recent, 
and attain a maximum thickness of 15,000 ft. along 
the westerly asymmetric flank of the basin. Although 
attention was focused on the area as early as 1862 
with the discovery of oil in the Canon City, Colorado, 
area, the current heightened activity stems from the 
discovery of significant reserves of Cretaceous oil 
in the Nebraska portion of the basin during 1949. Two 
productive horizons have been defined; the sands of the 
Cretaceous Dakota ‘group account for the great bulk 
of the production, and the Permian Lyons sand is 
currently productive in but 2 fields. With the general 
absence of significant structural closure, stratigraphic 
traps assume the primary role. The considerable 
random drilling encouraged by low well costs has 
largely masked the material contribution made by 
scientific methods, but an alliance of these 2 explora- 
tory approaches has greatly accelerated the develop- 
ment of the basin. The cumulative production to July 
1954 was 51,382,000 barrels. The estimated reserve 
of 87,000,000 barrels at the end of 1953 was at least 
doubled by drilling during 1954, attesting to the 
youthful stage of exploratory development in the 
basin. -- Auth. 


1-2036. Wells, Lewis F. PETROLEUM OCCUR- 
RENCE IN THE UINTA BASIN: (In: Weeks, Lewis 
G., ed. Habitat of Oil...; aSymposium...:p. 344- 
365, 4 maps, chart, 5 cross secs., table, Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 41 refs. 


The Uinta basin is unique among sedimentary 
basins for the variety of petroleum resources oc- 
curring within its geographic borders in Utah and 
Colorado. The form, quantity, and types of surface 
and subsurface occurrences make this sedimentary 
basin of prime interest to the oil industry of the Rocky 
Mountain province. 

The surface deposits, such as the bituminous 
sandstones of the Sunnyside area along the Book Cliffs, 
contain saturated sandstones with a crude oil recovery 
of 94% for an estimated reserve of 1. 5 billion barrels. 
Along Asphalt Ridge at the unconformable contact of 
the Cretaceous and Tertiary are sandstones with a 
yield of 96% for an estimated recovery of 20.5 million 
barrels per square mile and a total reserve of 1-3 
billion barreis of recoverable crude oil. 

Solid and semifluid hydrocarbons such as the vein 
and fracture deposits of gilsonite, albertite, wurtzilite, 
and ozocerite add to the potentiality of the basin. The 
kerogen shales of the Green River formation, 
particularly the "Mahogany Marker" unit, constitute 
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one of the world's largest oil-shale deposits. This 
unit produces an average of 60-70 gallons of kerogen 
per short ton of shale and contains an estimated 400 
billion barrels of reclaimable crude oil. New eco- 
nomic importance*can be given the kerogen shales 
with the recent discovery of reclaiming them with 

a zinc catalyst. Great advancement can be expected 
in reclaiming the kerogen deposits of the Green River 
formation of the Uinta basin. 

The subsurface of the Uinta basin also contributes 
to the petroleum reserve. Shows of oil and/or gas 
have been encountered in 95% of the wells drilled 
within the basin. Daily production is approximately 
75,000 barrels, the greater part of which is from 
Rangely. Rangely field has produced in 10 years 
approximately 140 million barrels of oil. Gas re- 
serves for the Uinta basin are estimated at 1,001,- 
095,800 MCF, and oil reserves at 468,000,000 
barrels. 

The general geologic features of the Uinta basin 
follow closely those of other Rocky Mountain areas 
having intermontane basins. The synclinal struc- 
ture is moderately complex, with the axis trending 
E.-W. paralleling the anticlinal axis of the Uinta 
Mountains, and is asymmetrical with the basin trough 
lying near the Uinta Mountain uplift. The structural 
form started in late Cretaceous and continued into 
late Tertiary time. 

Paleozoic rocks, 4,300 ft. thick, represent all 
systems from Cambrian to Permian with the exception 


of Silurian. Mesozoic rocks, 10,175 ft. thick, of Triassic believed to have acted in the following sequence: 


Jurassic and Cretaceous age, are present, with basin- 
filling starting at the close of Cretaceous time. 
Lacustrine and nonlacustrine deposition continued 
through the Tertiary to late Miocene time. These 
continental beds, 11,000 ft. thick, contain a vast 
store of permeable sandstones and hydrocarbons, 
which constitute large crude-oil reserves. The oil 
and gas reserves, together with various forms of 
hydrocarbons and surface accumulation of petroleum, 
require only further economic development to increase 
the resources of our nation. -- Auth. 


1-2037. Wengerd, Sherman A. ORIGIN AND 
HABITAT OF OIL IN THE SAN JUAN BASIN OF 
NEW MEXICO AND COLORADO: (In: Weeks, 
Lewis G., ed. Habitat of Oil...; a Symposium. ..: 
p. 366-394, 13 figs. incl. 4 illus., 4 maps, chart, 
cross secs., table, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 81 refs. 


The San Juan basin is an ovate, frontal, inter- 
montane, structural basin slightly less than 20,000 
sq. mi. in area, encompassing almost 36,000 cu. 

mi. of sedimentary rocks within the Dakota outcrop 
and above the Precambrian basement. This basin 
occupies most of northwestern New Mexico and a 
part of southwestern Colorado. The area of the 
basin was a southeastern shelf and positive area 
genetically related to the early Paleozoic Cordilleran 
geosyncline; an unstable marine shelf to sedi- 
mentational accessway SE. of the Pennsylvanian 
Paradox geosyncline bounded by the San Luis-Penasco 
(Nacimiento) coarse-clastic-producing highland on 
the N. and E., and the Zuni-Defiance fine-clastic- 
producing lowland on the S. and W. 

The San Juan area was the locale of thick continental 
clastic deposition during Permian, Triassic, and 
Jurassic time, with only minor marine invasions from 
the SW., W., and N. In late Cretaceous time, the 
area subsided gently as a highly oscillatory sedi- 
mentational shelf related to the Rocky Mountain geo- 
syncline, with sediments moving into the shelf 
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environment from westerly directions. 

Localized Laramide folding and faulting of diverse 
trend preceded and accompanied Tertiary continental 
basining and subsequent epeirogenic rise of the basin 
to over 6,000 ft. above sea level as some middle- to 
late-Tertiary volcanism affected the region. The 
structural basin subsided differentially to catch early 
Tertiary continental clastics derived from the tec- 
tonically active ringing highlands. From mid-Tertiary 
time to the present, successively older sedimentary 
rocks were exposed to erosion, ringing the youthful 
basin with breached anticlines, hogbacks, Cuestas, 
and arcuate monoclines. 

Five major layers encompass the critical com- 
pactional, orogenic, epeirogenic, and hydrodynamic 
activities and their intricate inter-relations respon- 
sible for commercial accumulation of oil in the 2 
thickest and most complex marine layers. The major 
part of the oil in the San Juan basin has been found in 
stratigraphic, disconformal, and anticlinal traps of 
Mississippian and Pennsylvanian marine strata, and 
in stratigraphic, disconformal, anticlinal, fractural, 
and hydrodynamic traps in Upper Cretaceous strata. 
These strata encompass the maximum sedimenta- 
tional variations within the marine shelf layers of the 
basin, and with no proved exceptions the oil is es- 
sentially indigenous to strata in which found, or 
originated in adjacent source shales. 

The forces which conspired to create commercial 
accumulations of oil in Upper Cretaceous rocks are 
1) 
compaction; 2) closely subsequent Laramide stresses 
which caused folding and minor faulting; 3) Tertiary 
subsidence of the basin and concomitant tectonic 
upturning of strata complicated by major Tertiary 
normal and thrust faulting; 4) meteoric water intake 
in the eroding Mesozoic sheetlike sandstones whose 
edges attained various altitudes on the inner (basin- 
ward) edges of the ringing Tertiary uplifts. The 
considerable overlap of compactional, orogenic, 
epeirogenic, and hydraulic events during Cretaceous 
and Tertiary time resulted in tilted oil-water contacts 
in certain anticlinal traps; fault accumulations by 
meteoric waters which altered some of the shallower 
oils chemically; intrabasin oil accumulations in sealed 
lenses unaffected by fresh-water drives and con- 
taining only traces of connate brines; and post-sub- 
sidence shifts of oil by brackish connate fluids within 
paralic and alluvial continental sandstones. 

Careful sedimentational and stratigraphic analysis 
of the San Juan basin suggests that the major part of 
oil migration and accumulation in Cretaceous and 
Pennsylvanian strata had taken place prior to Tertiary 
basining, but that some late compactional migration in 
latest Cretaceous strata may have occurred as a result 
of increased load and regional dips genetically related 
to Tertiary subsidence and consequent increased over- 
burden in the central part of the basin. Significant 
shifts of accumulation are believed to have taken place 
in certain types of reservoirs within blanket sandstones 
as a result of Tertiary and Quaternary hydrodynamic 
movement related to infiltering meteoric water. -- Auth. 


1- 2038. Galley, John E. OIL AND GEOLOGY IN 
THE PERMIAN BASIN OF TEXAS AND NEW MEXICO: 
(In: Weeks, Lewis G., ed. Habitat of Oil... ; a Sym- 
posium...: p. 395-446, 47 maps, graph, strat. col., 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 32 refs. 


Pre-Mississippian strata in the Permian basin area 
consist chiefly of carbonate deposits of Ordovician, 
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Silurian, and Devonian age which were produced in 
a marine environment probably characterized by clear, 
shallow seas covering a broad southward-sloping 
shelf. Oil accumulated in reservoirs in the carbonates, 
and in sandstone units of Cambrian and Middle Ordo- 
vician age, the possible external sources being marine 
shale associated with the sandstone, a shale formation 
overlying the highest carbonate, and Pennsylvanian 
and Permian strata which lie unconformably on the 
older beds, as well as lower Paleozoic strata ina 
clastic basin S. of the carbonate shelf. Mississippian 
strata are chiefly shale and limestone, containing 
probable source beds but generally poor reservoir 
strata. 

Near the end of Mississippian time the tectonic 
environment changed from one of broad structures 
of gentle relief on a flat cratonic platform to an al- 
most closed basin surrounded by mountain areas of 
high relief, the greatest of which was the Ouachita- 
Marathon complex. 

Pennsylvanian strata, consisting of interbedded 
and intergrading marine shale, sandstone, and lime- 
stone, reflect the changed environment. Oil, which 
the author believes to be indigenous to the system, 
accumulated in structural, stratigraphic, and porosity 
traps in Pennsylvanian reservoirs. 

The Permian period was characterized by deep 
but areally restricted marine basins of clastic 
deposition, stagnant at depth and surrounded by shoal 
platforms on which thick masses of carbonates ac- 
cumulated and shallow lagoons extended to the shore- 
lines. Burial of earlier strata by evaporites and red 
beds brought the period to a close. The principal sites 
of oil generation probably were in the basins; re- 
servoirs include basinal sandstone and platform car- 
bonate and sandstone rocks. The Guadalupe series, 
which is stratigraphically the youngest and highest 
important producing unit and was therefore among 
the first to be exploited, contained more than half of 
all the oil which to date has been found in the Permian 
basin. -- Auth. 


1-2039. Swann, David H., and Alfred H. Bell. 
HABITAT OF OIL IN THE ILLINOIS BASIN: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- 
posium...: p. 447-472, 17 figs. incl. 15 maps, 
cross sec., geol. col., Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 10 refs. 


An oval 12,000-ft. 90,000-cu. mi. Paleozoic basin 


underlies 58,000 sq. mi., mostly in central and southern 


Illinois, southwestern Indiana, and western Kentucky. 
Its eastern and northern borders were defined in Late 
Cambrian time, its northeastern by Middle Ordovician, 
its western during Middle Ordovician, and its southern 
after Pennsylvanian time. 

The basin has 63,000 wells and 27,000 dry holes, 
has produced 2 billion barrels of oil in 50 years, and 
is maintaining 0.8 billion barrels proved reserves 
despite annual withdrawal of 85 million barrels. 
Ultimately the upper half of the stratigraphic column 
will probably yield 4 billion barrels. 

The lower half of the basin has not produced oil and 
is still virtually unknown, with only 12,000 ft. of well 
penetration in about 45,000 cu. mi. of Upper Cambrian 
and Lower Ordovician rocks. 

Over half the basin's oil has come from 2 hinge 
belts, the LaSalle and DuQuoin. A central deep 
between the hinge belts has produced 40%, of the oil, 
and eastern and western (northwestern) shelves have 
produced about 9%. Production S.” of the Shawneetown- 
Rough Creek fault zone has been minor. 

Oil is related to the tops of 3 major carbonate 
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sequences in the upper half of the column, each a few 
hundred to 2,000 ft. thick, and each underlying an 
essentially clastic sequence. Most oil is either in 
the top 100-200 ft. of the carbonate sections, or in 
sandstones in the lower part of the clastic sections. 

One half of 1% of the basin's oil occurs on the W. 
slope in crinoidal limestone with intergranular 
porosity, high in the Middle Ordovician carbonate 
sequence. 

Seven percent has come from Lower Silurian to 
Middle Devonian dolomite, limestone, and sandstone 
reservoirs in reefs, pinchouts, drapes, and normal 
structures, having in common only their position 
near the top of Silurian-Devonian carbonates. 

More than three fourths of the basin's oil is 
Mississippian. Less than 1% is from reservoirs 
beneath or well within the major lower Mississippian 
limestone sequence. About 18% is from the top 150 
ft. or so of the limestone, nearly all in odlite. 
Where the limestone was eroded to the N., on the 
LaSalle anticlinal belt, successively older forma- 
tions serve as reservoirs. 

About 57% of the oil comes from Upper Missis- 
sippian (Chester) sandstones. The prolific forma- 
tions are toward the bottom of the sequence. In 
most formations, oil is more abundant in scattered 
lenses than where the formation is a blanket sand- 
stone. Middle and upper Chester sandstones are 
more prolific on the E. side of the basin and in 
faulted areas. 

The Pennsylvanian has yielded 16% of the basin's 
total oil, largely along the LaSalle belt. Although 
some of the Pennsylvanian oil in the Illinois basin 
appears indigenous, it seems likely that much has 
migrated upward from the Mississippian strata. -- 
Auth. 


1-2040. Cohee, George V., and Kenneth K. Landes. 
OIL IN THE MICHIGAN BASIN: (In: Weeks, Lewis G., 
ed. Habitat of Oil...; a Symposium...: p. 473-493, 

12 figs. incl. 7 maps, 3 cross secs., Tulsa, Okla- 
homa, American Association of Petroleum Geologists, 
1958) 13 refs. 


The Michigan structural basin is symmetrically 
centered in the Southern Peninsula of Michigan and 
extends outward into surrounding states and the 
Province of Ontario. Outcrops of Precambrian rocks 
bound the basin to the N.; on the E, the Algonquin 
axis in Ontario is the basin border, and to the S. and 
W. the limiting features are the Findlay and Kanka- 
kee arches of northern Ohio and Indiana and the 
Wisconsin arch in central Wisconsin. Paleozoic rocks 
crop out, or underlie the glacial drift, in circular 
bands with the youngest rocks occurring near the 
center of the Southern Peninsula where the floor of 
the Paleozoic rocks in the basin reaches its maximum 
depth of about 14,000 ft. 

Oil production in the Michigan basin had its be- 
ginning at Petrolia in Ontario in 1858, but production 
in volume began with the discovery of the Muskegon 
field on the W. side of the basin and the Mount Pleasant 
field near the center of the basin in 1928. Approxi- 
mately 270 oil fiélds and more than 100 gas fields have 
been discovered in the basin. 

The Michigan basin contains about 108,000 cu. mi. 
of sedimentary rocks of which about 80% is Cambrian, 
Ordovician, and Silurian in age, and most of the re- 
mainder Devonian in age. Lithologically, carbonate 
rocks constitute 47% of the sedimentary rocks of the 
basin, 12% being evaporites, and the remaining 41% 
sandstones and shales. 

More than 95% of the oil has come from carbonate 
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rocks of Middle Devonian age, and most of the gas is Attention is paid to the NE. end of the Appalachian 
from sandstones of Mississippian age. The oil yield basin, particularly E. of the Adirondack arch, out 
to date amounts to 3,700 barrels per cu. mi. of sedi- —_ of which no production has yet been found but which 
mentary rock. has been imperfectly tested so far. 

The producing formations, from oldest to youngest, Similarities are discussed between such blanket 
are the Black River and Trenton limestones of Middle sand deposits as the Tuscarora-Clinton, Oriskany, 
Ordovician age, the upper part of the dolomite of the and Berea horizons. The shallow younger producing 
Niagara series of Middle Silurian age, and dolomite sands are treated as another genre, here named 


casual sands; and the several carbonate reservoirs 
are considered as a group. The possible future de- 
velopment of older horizons is anticipated. 

Finally, with the familiar Appalachian basin as a 
type, certain stages in general basinal emplacement 
are reduced to a simple list that may be useful in 


in the lower part of the Salina formation of Late Silur- 
jan age, various limestones and dolomites of Middle 
and Late Devonian age including the Detroit River 
group, the Dundee and Rogers City limestones, and 
Norfolk formation of Canada, the Traverse group, 

and sandstones of Mississippian age. Accumulation 


of oil is largely anticlinal, with NW.-SE. trends the similar analysis of other basins of this general 
predominating in the central basin area. Most of type. -- Auth. 

the folding took place during late Paleozoic time. 

Ce ee cE 1- 2042. Braunstein, Jules. HABITAT OF OIL IN 
porous zones below unconformities. This is due EASTERN GULF COAST: (In: Weeks, Lewis G., 


mainly to the development of secondary porosity at 
the top of the limestones, but some accumulations 
beneath unconformities are in porous zones due to 
secondary dolomitization. -- Auth. 


ed. Habitat of Oil...; a Symposium...: p. 511-522, 
4 maps, 3 secs., Tulsa, Oklahoma, American As- 
sociation of Petroleum Geologists, 1958) 23 refs. 


The eastern Gulf Coast, comprising the states of 
Mississippi and Florida and those portions of Alabama 


1- 2041. Woodward, Herbert P. EMPLACEMENT and Georgia not included in the Appalachian Mountains 
OF OIL AND GAS IN APPALACHIAN BASIN: (In: and the Piedmont Plateau, covers about 166,000 sq. 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- mi. 

posium...: p. 494-510, 7 maps, Tulsa, Oklahoma, About 95,000 cu. mi. of Paleozoic sediments are 
American Association of Petroleum Geologists, 1958) included in this area, occupying 2 widely separated 

6 refs. basins. The better known of these is the Black 


Warrior basin, of northeastern Mississippi and north- 
western Alabama, in which the first hydrocarbon 
production of both these states was found. The other, 
herein named the "Suwannee River basin," lies in 
southern Georgia, southeastern Alabama, and northern 
Florida. It is nonproductive. 

The most important basin within the eastern Gulf 
Coast from the standpoint of oil production is the 
Mississippi salt basin, which is continuous with a 


Cradle of the American oil industry, the Appalachian 
basin originated as a stratigraphic trough whose present 
deep-buried floor was the ancient Precambrian erosion 
surface first covered by Cambrian seas. It now holds 
an intricate series of marine and continental sediments 
whose deposition followed a fairly constant pattern, 
with primary source at the E., medial thickening, 
and an outer, western, zone of facies change and 
shoaling conditions along the E. flank of the Cincinnati 


arch that formed a hinge in the subsidence following similar basin in Louisiana on the W., and extends 
each formational deposition. The same country is into Alabama on the E. Minor production has been 
now a structural trough shaped during orogenesis obtained from 4 of the 49 shallow salt domes proven 
that finally crumpled the former source area into by drilling in this basin. The major production from 


the familiar Appalachian highlands, and whose shadow Mesozoic reservoirs in the province is derived from 
Bria celand foldaawecerthiowntaciW. lecem on the salt-uplifted structures which flank the salt basin on 


; aot the N. and S 
center of the trough. Details of local orogenic history ‘ ; : 

‘ ; Important Tertiary (Eocene Wilcox) production is 
show at least 2 early stages of folding overridden by largely confined to oe in ee Mis- 
the final fold pattern with actual or incipient domes sissippi. It is' obtained principally from structurally 
at various points of intersection. 


The Appalachian sedimentary trough was also a EPH eerh tages wea 


5 Southern Florida, since early Cretaceous time at 
supply basin for petroleum hydrocarbons that moved least, has been a shallow stator area characterized 
mainly upward and outward to become concentrated : 


in border zones having suitable reservoir qualities by car Donate and evaporite. Capos lion 7 thano th aaa 
Sith Boney Mav emipresencibasinel poattlonthar : noncarbonate clastics. Two fields have been discovered 
: epee to date, produci i ic li 

generally parallels the W. margin of the individual lower | ean aaa pera wear Se ohaee 
horizon, wherein emplacement of oil and gas was L : 

, ; : ; ‘ The present northeastern boundary of rich Miocene 
ey Smt Ni tec is Reh Abe production in S. Louisiana and the ociiand tidelands 
: ; : : 4 is approximately coinci i “ft. 4 
Trey the intersection - early/and late folds. Sub- of Racca sedinicntd “Proscnt iatermatio atthe 
sequent differential sorting of the fluid systems of indicates rapid thinnin of ‘the Niocene and it * 
connected reservoirs was a result of gravitational tion to a carbonate ens FE’ and NE it we aed a 
flushing with concentration ultimately determined Wel ¢ ‘ 7 C2 

4 : E suggests ion i ississippi- 
by relative buoyancy and local reservoir elevation, _lgest8 dbectives for exploration in the Mississippi 

ther specific Appalachian entrapment occurs : : : 

along linear carrier beds, in-sedimentary wedgeouta, in sediments other than Miocene, on structures other 


in fracture systems, in deep relic reservoirs, and Cee ee ee Pour 

in uncompromised islands of favorable porosity 

within regions otherwise unfavorable. The possibility 1-2043. Cserna, Zoltan de NOTES ON THE 

of locating additional reservoir traps in the deep TECTONICS OF SOUTHERN MEXICO: (In: Week 

central basin, along the basement floor, or below Lewis G., ed. Habitat of Oil...;aS m sce, 3 

unconformable surfaces, is favorably regarded. p. 523-532, 4 maps, Tulsa, Oldahaent eamenicd 
+ | 
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Association of Petroleum Geologists, 1958) 27 refs. 


The revision of the available data on the geology 
of southern Mexico, S. of the 20th parallel, indicates 
that the region falls into 6 structural provinces which 
are the Tehuantepec-southern Chiapas, Sierra Madre 
del Sur, Sierra Madre Oriental, southern Gulf Coastal 
Plain, Yucatan peninsula, and the Trans-Mexico vol- 
canic belt. 

The basement of this region is formed by Paleozoic 
sediments which were deformed and became cratonal 
in the Tehuantepec-southern Chiapas and Sierra 
Madre del Sur during middle Paleozoic, and in areas 
occupied at present by the Sierra Madre Oriental, 
southern Gulf Coastal Plain and the Yucatan peninsula 
during late Paleozoic time. 

The Mesozoic sediments were deposited, in general,- 
in the Mexican geosyncline, a trough developed over 
the marginal zone between the early and late Paleozoic 

_ orogenic belts. The sequence is a molasse at its 
base (Jurassic), normal marine in its middle part 
(Lower Cretaceous), and a flysch on its top (Upper 
Cretaceous). The main zone of late Cretaceous-early 
Tertiary orogeny was off the present Pacific Coast 
and folded the Mesozoic sediments making up the 
Sierra Madre Oriental during early Tertiary. 

The Tertiary section which covers the southern 
Gulf Coastal Plain and the Yucatan peninsula is a 
molasse at its base (Eocene-Oligocene) grading into 
normal marine upward (Miocene). Deformation 
resulting in randomly oriented folds and flexures in 

_ the Coatzacoalcos region is recorded during the 
Miocene. The E.-W. -trending belt of Pliocene- 
Recent volcanoes which form the Trans-Mexico 
volcanic belt is considered to have formed along en 
echelon tension fractures over a deep-seated shear 
zone belonging to the Central American-Caribbean 
fracture system. -- Auth. 


1-2044. Barr, K. W., S. T. Waite, andC. C. 
Wilson. THE MODE OF OIL OCCURRENCE IN THE 
MIOCENE OF SOUTHERN TRINIDAD, B.W.1I.: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- _ 
posium...: p. 533-550, 10 figs. incl. 8 maps, cross 
secs., Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 8 refs. 


Trinidad is closely related geologically to eastern 
Venezuela, and during Miocene times southern Trinidad 
formed a part of the east Venezuela geosynclinal basin. 
In Trinidad, as in eastern Venezuela, the basin is 
asymmetric with a steep N. flank and a gentle S. flank 
rising towards the Guiana shield. The oil fields are 
situated mainly on secondary flexures around the rims 
of this basin, and are of the multiple sand reservoir 
pypS: . . 

During Miocene times the sedimentation reflects 
the gradual infilling of the Tertiary basin, beginning 
with dominantly argillaceous deposits and passing 
through a series of clay-silt-sand cycles to dominant 
sand deposition in the final infilling phase. Three 
major sedimentary cycles are recognized correspond- 
ing to the main stratigraphic units, and known as the 
Cruse, Forest, and Morne l1'Enfer cycles, from 
oldest to youngest respectively. In each cycle the 
earlier sand deposition is characteristically lenticular; 
whereas the top cycle sands are more widespread, and 

‘in the Forest and Cruse cyclesform the more important 
oil-producing sands. Dominant sheet sand deposition 
characterizes the Morne l'Enfer cycle. The sand 
distribution during these cycles is investigated by 
means of sand/shale ratio maps which show the. 
dominance of a southeastern source of sedimentation 
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with a secondary source from the SW. which became 
of equal importance to the southeastern source in the 
upper Miocene, Morne 1'Enfer cycle. 

The oil occurrence is clearly related to the sand 
distribution, modified to a greater or lesser degree 
by the local folding and faulting. Noteworthy is the 
influence of the transverse Los Bajos tear fault 
which cuts across the basin from WNW. to ESE., 
along which a persistent belt of oil accumulation 
occurs. Much of the oil is thought to be indigenous 
to the formation in which it occurs, but some re- 
distribution by fault migration has occurred, and in 
addition some truly migrated oils are found. -- Auth. 


1-2045. Renz, H. H., H. Alberding, K. F. Dallmus, 
J. M. Patterson, R. H. Robie, Norman E. Weisbord, 
and Jose MasVall. THE EASTERN VENEZUELAN 
BASIN: (In: Weeks, Lewis G., ed. Habitat of Oil...; 

a Symposium...: p. 551-600, 21 figs. incl. 13 maps, 
16 secs., log, table, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 58 refs. 


The eastern Venezuelan Tertiary basin is situated 
in the N.-central and northeastern parts of Venezuela 
in northern South America. It is bordered on the S. 
by the Guayana shield, on the W. by the El Baul swell, 
on the N. by. the Serranfa del Interior, and on the E. 
by the Atlantic Ocean. The basin, which trends east- 
ward, is approximately 435 mi. long and 140 mi. wide, 
covering a land area of more than 59,000 sq. mi. in 
Venezuela. The total volume of sediments, from the 
base of the upper Eocene to Recent, is about 74,000 
cu. mi. 

The eastern Venezuelan sedimentary basin, as 
contrasted with the structural basin, is defined as a 
geosyncline which began its history in late Jurassic 
or early Cretaceous time as an orthogeosyncline 
which, following late Cretaceous orogeny, was trans- 
formed into a geanticlinal welt that forced the migra- 
tion of the geosynclinal axis to the S. and formed an 
exogeosyncline or foredeep which first appeared during 
the early Oligocene in the western part of the basin 
and which reached the eastern part during the Miocene. 
Late Miocene-Pliocene orogenic movements resulted 
in renewed uplift and thrusting of the welt toward the 
S. as well as the development of normal faults along 
a structural hinge belt on the S. flank of the basin. 

At the same time the Anaco uplift came into existence, 
and this high now separates the Maturin structural 
basin on the E. from the Gudrico structural basin on 
the W. 

Sedimentation within the Tertiary basin was governed 
ty the migrating foredeep and its position in relation 
to the southern shelf. Most of the oil fields on the S. 
rim of the eastern Venezuelan geosyncline are located 
on the shelf and upper slope of the foredeep, and as 
the regional dip of the foredeep is somewhat steeper 
than that of the shelf, the area along the bend is some- 
times referred to as the hinge belt. The deposits 
within the foredeep itself are 30,000 to 40,000 ft. 
thick. They are composed predominantly of sand- 
stones and shales of the Merecure and Santa Inés 
groups and reflect an interplay of shallow-marine, 
brackish-water and intermittently continental con- 
ditions. These deposits become increasingly marine 
toward the E. The sediments on the relatively stable 
cratonic shelf to the S. are one half to one third as 
thick as in the foredeep, and these shelf sediments, 
particularly of the Oligocene Chaguaramas, Peri- 
quito, and Oficina formations, indicate that the 
environment in which most of the oil was generated 
was paralic, with paludal conditions more dominant 
than marine. The section in the Greater Oficina 
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and Anaco areas contains as many as 100 different 
oil-producing sheet and channel sands and up to 75 
lignites; in the Chaguaramas formation of the 
Tucupido area about 150 lignites are present. Along 
the northeastern flank of the basin, in the Greater 
Jusepin area, the Miocene La Pica oil is trapped in 
updipping wedge belts of such character as to suggest 
modification of normal deposition by turbidity currents. 
Farther E., production in the Quiriquire field is pre- 
dominantly from the continental deposits of the Quiri- 
quire formation into which oil has migrated updip 

or from below the angular unconformity at its base. 
Approximately 50% of the oil found in eastern Vene- 
zuela occurs in stratigraphic traps; the remainder 

is associated with normal faults, domes along thrust 
faults, faulted anticlines, and diapirlike folds. 

Although much of the oil, at least in the Greater 
Oficina area, is believed to have been derived from 
sources close to present reservoirs, there is some 
evidence that elsewhere extensive migration may 
have taken place. It is suggested that the heavy crude 
in the "tar belt" along the S. rim of the basin is either 
inspissated in place or migrated from an Oficina or 
Temblador source. 

Cumulative production in eastern Venezuela to the 
end of 1953 has been 1,800 million barrels of which 
about 2% has come from the Cretaceous, 56% from the 
Oligocene, 19% from the Miocene, and 23% from the 
Pliocene. Remaining reserves are estimated at 1,770 
million barrels. -- Auth. 


1-2046. Miller, John B., K. L. Edwards, P. P. 
Wolcott, H. W. Anisgard, R. Martin, and H. Ander- 
egg. HABITAT OF OIL IN THE MARACAIBO BASIN, 
VENEZUELA: (In: Weeks, Lewis G., ed. Habitat of 
Oil...; a Symposium...: p. 601-640, 18 figs. incl. 
13 maps, 2 charts, 5 secs., diag., 3 tables, Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 14 refs. 


A Cretaceous marine invasion occupied a basin of 
regional extent through Venezuela and Colombia. 
The basin was severely limited and separated into 
smaller basins of marine and nonmarine affinities 
during the Tertiary. Three principal sedimentary 
cycles since early Cretaceous time embrace the 
oil-bearing sedimentary section. Behavior of 
cratonic elements, formation of mobile belts, as- 
sociated shifting of depositional conditions, and the 
evolving structural and stratigraphic pattern are 
described. Contour, isopach, and paleogeographic 
maps are presented, and restored volumes of sedi- 
ments cited. Beneath the Maracaibo basin is a 
crystalline mass which influenced development of a 
platform and shelf area respectively during Cre- 
taceous and part of the Tertiary. A summary of 
oil distribution and geologic aspects of Maracaibo 
basin oil fields is also included. History of oil field 
development is summarized. 

Sedimentary facies, hinge belts, and evolving 
structural conditions have probably influenced oil 
accumulation. Opinions on probable source beds 
for oil in the basin are expressed. Nearly three 
fourths of the estimated ultimate known reserve is 
found in clastic, shallow-marine to brackish-water 
Oligo-Miocene and Eocene rocks associated with an 
unconformity and an Eocene hinge belt. Nearly one 
sixth is found in fractured Cretaceous limestones as- 
sociated with anticlinal structures and a Cretaceous 
hinge belt. The remaining reserves are found in a 
shelf area shoreward from the Eocene hinge belt. -- 
Auth, 
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1-2047. Morales, Luis G., and The Colombian 
Petroleum Industry. GENERAL GEOLOGY AND 

OIL OCCURRENCES OF MIDDLE MAGDALENA 
VALLEY, COLOMBIA: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 641-695, 13 
maps, 2 charts, 10 secs., graph, 3 logs, table, 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 14 refs. 


The middle Magdalena Valley is a depressed area 
of some 12,500 sq. mi. lying between the Central and 
Eastern Ranges of the Colombian Andes. Its sedi- 
mentary fill ranges in age from Paleozoic to Recent. 
In Cretaceous time this area formed only a small 
central part of a much more extensive basin area, 
the Colombian geosyncline, whereas, of the basin 
which developed in Eo-Oligocene time, it formed a 
western shallow margin, deepening rapidly eastward. 

Commercial production of heavier asphaltic- and 
naphthenic-base oils is being obtained from Tertiary 
reservoirs at La Cira-Infantas, Casabe, Velasquez, 
and Cantagallo. Some lighter paraffinic crudes have 
been found in Cretaceous reservoirs at Buturama and 
Totumal. The location of these areas with respect 
to their position in the Tertiary and Cretaceous basins 
supports the hypothesis that heavy oils form first and 
migrate to the margins or shelf areas, and the lighter 
oils are confined to traps located in a more central 
part of the depositional basin. -- Auth. 


1-2048. Youngguist, Walter. CONTROLS OF OIL 
OCCURRENCE IN LA BREA-PARINAS FIELD, NORTH. 
ERN COASTAL PERU: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 696-720, 6 
maps, cross sec., 2 diags., graph, log, strat. col. , 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 9 refs. 


Northern coastal Peru, including the area of Inter- 
national Petroleum's La Brea-Parinas field, is a region 
of marked subsurface structural relief. This relief 
consists of a complex series of basement highs and 
lows which, in general, have retained their respective 
high or low tendencies at least as far back as the early 
Tertiary, and therefore have influenced in varying 
degrees the nature and distribution of faunal and sedi- 
mentary facies deposited here since that time. Pro- 
duction is almost entirely from Eocene sands which 
occur both in lenticular and blanket-type deposits. 
However, because of intercalated shales, different 
degrees of cementation, and faulting contemporaneous, 
or nearly so, with deposition, the oil has had virtually 
no opportunity to migrate. Accordingly, this region 
is an excellent place in which to study the relationships 
among the occurrence of oil, the structure, and the 
sedimentary facies. Fromsuch study, the following 
observations have been drawn: 1) the oil is of local 
origin, greatest migration being probably less than 
a mile; 2) sedimentary facies are of prime importance 
in the control of oil occurrence; 3) structure is impor: 
tant chiefly in the way it has controlled the deposition 
of source beds in relation to reservoir beds, rather 
than in simply providing closure by which to trap 
migrating oil; 4) for best results, the oil should be 
sought in areas where reservoir and source beds 
have been developed on the basis (sand-shale ratio) 
of about 1 to 2, or 1 to 3. These areas occur more 
commonly on the flanks of active structures rather 
than on top of them, or deep in the basins. -- Auth. 


1-2049. Dickey, Parke A., and Richard E. Rohn. 
FACIES CONTROL OF OILOCCURRENCE: (In: 
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Weeks, Lewis G., ed. Habitat of Oil...; a Sym- 
posium...: p. 721-734, 8 maps, cross sec., Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 14 refs. 


Oil occurs in several different rock associations, 
but tends to follow particular facies subdivisions 
within each type. In the micaceous sand and shale 
association, linear trends of pools are well developed 
and parallel with lithologic ratio contours. Oil occurs 
also in similar rocks deposited in bird-foot deltas 
resembling the delta of the Mississippi. The zones 
favorable to the growth of reefs or bioherms are 
rigidly controlled by environment, and the occurrence 
of reefs can be related to the nature of their enclosing 
rocks. The widespread quartzose sands found as- 
sociated with shelf limestones are permeable over 
large areas, and many local pools are structurally 
controlled. This rock association is generally poor 
in organic matter, and the location of some oil pools 
can be related to belts of oil-source facies in as- 
sociated beds. 

Lithologic conditions are especially important in 
deciding whether to lease and drill a prospect. Ina 
large and growing number of reservoirs where 
structural closure is absent, they are the only geo- 
logical considerations. All types of lithologic and 
stratigraphic information can be shown quantitatively 
by contours in the same manner as structural data. 
Quantitative expressions provide the best means of 
presenting lithologic data areally. Such presentations 
permit the definition of areas lithologically favorable 
for oil occurrence. -- Auth. 


1-2050. Hunt, John M., and George W. Jamieson. 
OIL AND ORGANIC MATTER IN SOURCE ROCKS OF 
PETROLEUM: (In: Weeks, Lewis G., ed. Habitat of 
Oil...; a Symposium. ..: p. 735-746, illus., 3 graphs, 
8 tables, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 7 refs. 


Practically all shales and carbonate rocks contain 
indigenous organic matter disseminated in 3 forms: 

1) soluble hydrocarbons, which are similar in compo- 
sition to the heavier fractions of crude oil found in 
reservoir rock; 2) soluble asphalt, which is similar 
to the asphaltic constituents of crude oil; and 3) 
insoluble organic matter (kerogen), which is pyro- 
bituminous in nature. 

Nonreservoir ancient sediments have been found 
to contain up to 5 times as much oil as that reported 

_from recent unconsolidated sediments off the Gulf 
and California coasts. A typical ancient petroleum 
source rock such as the Frontier shale in the Powder 
River basin of Wyoming, which has yielded millions 
of barrels of oil to reservoirs in the past, still con- 
tains 6 barrels of oil, 20 barrels of asphalt, and about 
250 barrels of kerogen per acre-foot. 

The distribution of this oil, asphalt, and kerogen 
within the nonreservoir rocks of a sedimentary basin 
varies between formations and between different facies 
of the same formation. -- Auth. 


1-2051. Forsman, James P., and John M. Hunt. 
INSOLUBLE ORGANIC MATTER (KEROGEN) IN 
SEDIMENTARY ROCKS OF MARINE ORIGIN: (In: 
Weeks, Lewis G., ed. Habitat of Oil... ; a Sym- 
posium...: p. 747-778, 11 figs. incl. graphs, 16 
tables, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 25 refs. 


Kerogen was isolated, by techniques developed in 
this study, from 21 rock samples representing a wide 
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variety of ages, lithologies, and environments of 
deposition. The new techniques make it possible to 
separate relatively mineral-free kerogen from rocks 
containing less than 1% of organic matter. With the 
recovery of relatively pure kerogen, it becomes 
possible to make reliable measurements of physical 
and chemical properties which otherwise would be 
difficult or impossible to obtain. 

Rocks deposited under marine conditions appear 
to contain either of 2 types of kerogen. One type is 
remarkably similar to coal in many of its properties, 
whereas the other is more like the kerogen of oil 
shales. 

Although age and lithology show little correlation 
with kerogen properties, there is evidence that the 
elemental composition of kerogen is controlled to 
some extent by the environments under which the rocks 
were deposited. Metamorphic forces also have affected 
the properties of kerogen, just as they have in coal. 
Two metamorphosed rocks yielded anthracitelike 
kerogen, and in one of these the presence of graphite 
was indicated by X-ray diffraction. 

Evidence is also presented that N occurs in both 
the organic and inorganic phases of sedimentary 
rocks. Metamorphic forces do not appear to have 
changed the N content of kerogen relative to C, 
except during the late stages of metamorphism. 

Although most oil probably originated from hydro- 
carbons in living organisms, some of the observations 
made in this study offer support for the theory that 
some oil may have been derived from kerogen. -- 
Auth. 


1-2052. Stevens, Nelson P., Ellis E. Bray, and 
Ernest D. Evans. HYDROCARBONS IN SEDIMENTS 
OF THE GULF OF MEXICO: (In: Weeks, Lewis G., 
ed. Habitat of Oil...; a Symposium...: p. 779-789, 
6 figs. incl. map, 3 graphs, log., 3 tables, Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 5 refs. 


Complex hydrocarbon-asphaltic mixtures appear 
to be common constituents of the organic debris 
buried in soils and Recent marine sediments, although 
generally in very small concentrations. Chromato- 
graphic, infrared, and mass spectra analyses show 
that the composition of these mixtures differs signi- 
ficantly from those comprising crude oils. 

In a large and varied group of crude oils, the 
hydrocarbon-asphaltic portion fractionated by 
chromatography was found to comprise at least 65% 
hydrocarbons, whereas in extracts of soils and Recent 
muds from the Gulf, hydrocarbons usually comprise 
less than 20%. Infrared spectra of the benzene 
fraction of the mud extracts show a relatively simple 
mixture of aromatic compounds in contrast to com- 
plex mixtures found in crude oils. Mass spectra 
data reveal that the high molecular weight normal 
paraffin hydrocarbons extracted from Recent muds 
and soils have a strong preference for molecules 
containing an odd number of C atoms. Molecules 
containing 29 or 31 C atoms were the most abundant. 
No odd C preference was observed for crude oils 
or a postulated source bed, the Woodford shale. 

Radiocarbon age determinations show that the 
organic matter in the Recent muds of the Gulf, used 
in this study, ranged in age from 3,120 + 220, to 
9,360 +600 years. Mixtures of generally similar 
composition were extracted from soils less than 
500 years in age. Hydrocarbon-asphaltic mixtures 
from the older Beaumont clay were found to be more 
variable in composition, in several instances having 
some properties associated with the Woodford 
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(Mississippian) shale, a postulated source bed. -- 
Auth. 


1-2053. Kidwell, Albert L., and John M. Hunt. 
MIGRATION OF OIL IN RECENT SEDIMENTS OF 
PEDERNALES, VENEZUELA: (In: Weeks, Lewis G., 
ed. Habitat of Oil...; a Symposium...: p. 790-817, 

6 illus. on pl., 14 figs. incl. 2 maps, chart, secs., 
graphs, 7 tables, Tulsa, Oklahoma, American As- 
sociation of Petroleum Geologists, 1958) 13 refs. 


Evidence for generation and migration of oil in 
sediments less than 10,000 years old was found on 
the flanks of the Pedernales anticline in the delta 
of the Orinoco river in Venezuela. The gray clay 
beds contain an average of about 55 p. p.m. hydro- 
carbons; the interbedded argillaceous sheet sands 
that are open to the surface on the flanks of the anti- 
cline contain about 40 p.p.m. One lenticular sand 
about 110 ft. deep, however, contained free gas and 
was enriched in hydrocarbons, mostly aromatic, to 
160 p.p.m. According to C-14 age determinations, 
this sand was deposited about 5,000 years ago. 

Measurements of excess hydrostatic pressure 
made in the holes and on undisturbed cores showed 
that there is a pressure gradient in the muds upward 
toward the laterally continuous sands and downward 
toward the Pleistocene unconformity. Both beds are 
apparently acting as conduits that permit the escape 
of fluids to their outcrops along the Pedernales 
structure. It is inferred from these data that in 
the lenticular sands, hydrocarbons are being filtered 
out of the moving stream of water by capillary action. 
This is not true of the continuous sands that are open 
to the surface. -- Auth. 


1-2054. Brenneman, M. C., and Paul V. Smith, Jr. 
THE CHEMICAL RELATIONSHIPS BETWEEN CRUDE 
OILS AND THEIR SOURCE ROCKS: (In: Weeks, Lewis 
G., ed. Habitat of Oil...; a Symposium...: p. 818- 
849, graph, 29 tables, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 9 refs. 


There is a need for a simple chemical or physical 
index for relating a crude oil to its source rock - those 
ancient sediments wherein the petroleum or its precurso 
was originally deposited. Such an index would be valua- 
ble for confirming, or disproving, possible relation- 
ships suggested by the lithology or stratigraphy of the 
formations. ‘The ideal index would be based on quick 
and simple tests, so that a large number of samples 
could be easily evaluated. 

Consequently, an exploratory study of the organic 
content of ancient sediments has been carried out. 

The geochemical approach used in this investigation 
was directed toward finding a relationship between 
the crude oil and the organic material extracted from 
its presumed source rock. The study has included 

1) investigation of methods for extracting sufficient 
organic material from the sediments for subsequent 
study, and 2) comparative examinations of the 
source-rock extracts and related oils by physical and 
chemical means. 

Solvent extraction of large batches of source rocks, 
by refluxing with a benzene-methanol-acetone mixture, 
was chosen as the best method for isolating organic 
material without chemical alteration. The organic- 

C content of the sediments studied ranged from 0. 20 
to 5.5 weight %. Only fractional percentages of this 
organic matter could be extracted, the quantities 
ranging from 3 to 13% of the total. The isolated 
extracts were dark brown or black, ranging in con- 
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sistency from oillike liquids to soft tarlike solids 
and hard brittle solids. 

The results of numerous physical and chemical 
analyses on pairs of extracts and crude oils are sum- 
marized as follows: 

1. No unique property has yet been found to link 
all of the crude oil-source rock pairs examined. 
Possibly, although not probably, some of the geological 
pairings may be in error. 

2. No agreement was found in physical properties 
among the oil-extract pairs. The source-rock ex- 
tracts all contained much more oxygenated material 
than the corresponding oils, which affected such 
properties as density, refractive index, etc., when 
the totals, or when corresponding distillation frac- 
tions were examined. Even when chromatography 
was employed, no well-defined trends of physical- 
property relationships were found. 

3. The most significant chemical correlation data 
appeared to be the similarity of aromatic-type distri- 
butions in corresponding molecular weight fractions 
of crude oil and extract. Four out of 8 pairs examined 
displayed this similarity in 2 or more corresponding 
fractions. This procedure, however, is time con- 
suming, requiring molecular distillation and chromato- 
graphy followed by ultraviolet analysis. An empirical 
method for comparison of the infrared spectra cor- 
rectly predicted the aromatic distribution relation- 
ships in 6 out of 8 cases. The latter procedure, 
though not foolproof, might be useful as a screening 
procedure. Similarity of other hydrocarbon types 
was not found for the 4 matching pairs. -- Auth. 


1-2055. Buckley, Stuart E., C. R. Hocott, and 

M. S. Taggart, Jr. DISTRIBUTION OF DISSOLVED 
HYDROCARBONS IN SUBSURFACE WATERS: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- 
posium...: p. 850-882, 29 figs. incl. 4 maps, graphs, 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 6 refs. 


An extensive investigation involving some hundreds 
of drill-stem tests of water-bearing formations in the 
Gulf Coastal area of the United States has been in 
progress for over 10 years for the purpose of deter- 
mining the amount and kind of hydrocarbons dissolved 
Tin the interstitial water of subsurface formations in 
petroliferous regions. A primary objective of this 
study has been to determine the nature of, and degree 
of, the possible effects of a local accumulation of oil 
or gas on the amount of total hydrocarbons or of 
particular constituents dissolved in the nearby water 
in the same formation or in overlying formations. A 
secondary objective has been to assemble basic 
information that might shed light on fundamental 
questions related to the processes of accumulation 
of oil and gas. 

In order to obtain samples suitably representative 
of the formation water and to prevent the possible 
loss of dissolved gaseous hydrocarbons, special 
techniques have been used to sample the water under 
essentially formation pressure and to retain the 
dissolved hydrocarbons with the water in sealed 
sampling containers. This paper describes the 
techniques employed and pi »sents data typical of 
the results obtained. 

Appreciable concentrations of dissolved hydro- 
carbons have been found in the water of most of the 
sampled formations throughout extensive regions. 

In some formations the water has been found to be 
substantially saturated with dissolved gas at the 
formation pressure; in others, the amount is less 
than would correspond to saturation at the formation 
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pressure and temperature. ? 

The dissolved hydrocarbons have been found to 
consist primarily of methane, with ethane and 
propane present in much smaller concentration, and 
heavier hydrocarbons in only minute quantities. In 
general, the concentration of dissolved hydrocarbons 
in a particular formation increases with depth and 
increases basinward up to a certain degree, but both 
regional and local variations from average trend 
have been found. Local enrichment in dissolved 
hydrocarbons has been observed in close proximity 
to some, but not all, oil fields when water from the 
producing horizon was sampled at locations beyond 
the edge of the oil accumulation. 

Of possible fundamental significance is the large 
total quantity of hydrocarbon gas, particularly 
methane, indicated by this work to be dissolved in 
the waters of the porous formations underlying many 
thousands of square miles in the region sampled. 
Concentrations ranging upward to 14 standard cu. ft. 
of dissolved gas per barrel of water have been found. 
-- Auth. 


1-2056. Dallmus, K. F. MECHANICS OF BASIN 
EVOLUTION ANDITS RELATION TO THE HABITAT 
OF OIL IN THE BASIN: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 883-931, 23 
figs. incl. 15 secs., 3 diags., 7 tables, Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 69 refs. 


The earth is a spheroidal body with finite dimen- 
sions. Its size and shape, together with the strength 
of the crust upon which the sediments rest, determine 
the size and shape of the tectonic units formed by 
diastrophism. 

The outline and size of the sedimentary basins 
are controlled entirely by the pre-existing topo- 
graphy, but actively forming structural basins have 
definite maximum dimensions and geometrical shapes, 
depending on their mode of origin. 

Primary dynamic basins are formed by the sub- 
sidence of a portion of the earth's crust as a unit. 
The individual unit is always round or elliptical, and 
the maximum diameter of the area, which approaches 
a plane surface, is of the order of 400 km. The 
central area, within the points of inflection shown on 
the profiles where the subsiding floor becomes less 
convex than the curvature of the earth, is necessarily 
put into compression. This tangential pressure is 

- transmitted to the sediments as they are deposited. 
The area outside of the points of inflection on the 
profiles where the curve becomes more convex than 
the curvature of the earth constitutes the dynamic 
rim of the basin and is continuously in tension as long 
as the basin subsides. 

Secondary dynamic basins are grabens and half- 
grabens formed by normal faulting on top of actively 
rising large regional uplifts. During their growth 
such features are in tension normal to their long 
axis, and in compression parallel to the long axis. 
The transverse diameter is controlled by the size 
of the uplift upon which the secondary basins occur, 
and the maximum longitudinal diameter of the individ- 
ual depression is also of the order of 400 km. 

The compaction of clastic sediments is a function 
of both load and time. Because of the pressure dif- 
ferential between the compressional central area of 
a dynamic basin and the tensional dynamic rim there 
is a continuous and diminishing éxpulsion of fluids 
from the sediments in the central area toward the 
rim until compaction ceases or until the rocks reach 
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grain density. As long as the basin is sinking the 
expulsion of fluids takes place in an updip direction 
preferentially along permeability channels parallel 
to the bedding. Although the exact mechanism of oil 
migration is not known, it is an observed fact that 
more than 90% of all the oil in a dynamic basin filled 
with clastic sediments occurs in traps of all kinds 
within or related to the dynamic rim of that basin. 
The same pressure differential exists in dynamic 
basins which become filled with nonclastic sediments, 
but because of the lack of more or less continuous 
permeability channels in an updip direction the oil 
accumulations occur at random throughout the basin. 
The size of such oil accumulations depends on the 
area of the gathering ground toward the center of 
the basin, and their location in this case is controlled 
more by permeability pinchouts than by structure. -- 
Auth. 


1-2057. Harrington, John W. SOME CRITERIA 
BY WHICH BASIN-FORMING MECHANISMS MAY 
BE RECOGNIZED: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 932-947, 8 
figs. incl. map, secs., Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 8 refs. 


The solution to the problem of the mechanical 
origins of basins and troughs requires the recognition 
of the occurrences of crustal buckling by lateral 
compression; crustal sagging by loss of vertical 
support; and crustal thinning by lateral tension. For 
this purpose recognition criteria have been developed. 
The most diagnostic are cited here: 

For buckling: During sedimentation - there is 
practically no normal faulting; a negative isostatic 
gravity anomaly is developed. After sedimentation - 
the basin structure is inverted to a dome by central 
uplift of about 1/3 the stratigraphic depth. 

For sagging: During sedimentation - there is con- 
siderable normal faulting with small or cancelling 
heaves. After sedimentation - there is no local 
movement and the basin is permanent. 

For thinning: During sedimentation - there is nor- 
mal faulting with large heave components, and the 
crustal layers are thinned appreciably. After sedi- 
mentation - there is slight inversion of the basin 
structure to a dome by central uplift of about 1/11th 
of the stratigraphic depth. 

These criteria are simply an advanced statement 
of uniformitarianism. Continuity is given to these 
actions by a development of the concept that regional 
geologic history occurs in a closed mechanical system. 
In this system displaced, eroded, and deposited 
volumes are accountable. An illustration of the analysis 
is given with the tentative conclusion that the Ardmore- 
Marietta basin structure of Oklahoma and Texas could 
not be the result of crustal buckling during deposition. 
The purpose of the paper is to clarify the pragmatic 
principles basic to tectonic theory. -- Auth. 


1-2058. Kuenen, Philip H. RECENT SEDIMENTA- 
TION AS A KEY TO ANCIENT DEPOSITS: (In: Weeks, 
Lewis G., ed. Habitat of Oil...; a Symposium...: p. 
948-954, Tulsa, Oklahoma, American Association o 
Petroleum Geologists, 1958) 7 refs. 


Examination of an ancient sedimentary basin can 
provide only an incomplete picture because it reveals 
merely the anatomy of a dead body. Physiology must 
be learned on a living organism, and likewise the 
geologist must turn to the floor of the present ocean 
first if he is to gain a full understanding of an oil 
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habitat. On the sea floor, processes of transportation, 
deposition and early stages in consolidation can be 
investigated along with the accompanying "recent 
paleogeography."" Viewing a sedimentary basin as 
a succession of sea floors, each with its overlying 
body of water, will improve interpretation of facies 
and thus also correlations. Better understanding of 
relations between environment and the resulting 
sediment and of gradual development should materially 
assist in locating likely drilling sites. Now that the 
more obvious methods for finding oil will soon be 
nearing the end of their usefulness, it is high time this 
new approach be fully developed. Up to the present 
the actualistic method has been sorely neglected in 
sedimentology as far as shallow waters are concerned. 
Interest is awakening as the following papers can 
testify, and several other projects have already been 
launched. Because of the small extent in present 
times of epicontinental seas, the number of suitable 
areas is somewhat limited, and there may not be 
modern equivalents of all ancient basin types. An 
immense amount of work remains to be done, how- 
ever, until the possibilities offered by the present 
seas have been adequately exploited. 

One of the chief benefits that can come from re- 
search on recent sediments is less apparent, but 
none the less real. The participating geologist is 
trained to think about his basins in terms of processes 
in addition to his sense of space and time. -- Auth. 


1-2059. Emery, K. O. SOUTHERN CALIFORNIA 
BASINS: (In: Weeks, Lewis G., ed. Habitat of Oil... ; 
a Symposium...: p. 955-967, 14 figs. incl. 2 illus. , 

3 maps, 2 cross secs., 5 diags., graph, table, Tulsa, 
Oklahoma, American Association of Petroleum Geolo- 
gists, 1958) 


The 13 closed basins off southern California are 
fault blocks having rectangular outlines, steep slopes, 
and flat floors. They are similar to the now-filled 
Los Angeles basin and thus serve as keys for esti- 
mating the original environment of deposition of 
sediments in that oil-rich area. Water below the 
basin sills is replenished at a sufficiently rapid rate 
that its O concentration is not appreciably less than 
that of the open ocean. In contrast, the interstitial 
water at a depth of a few feet in the sediments con- 
tains no free O. Oxidation of phytoplankton debris 
falling through the water column results in loss of 
about 93%. About 50% of the organic matter which 
reaches the bottom is oxidized before it becomes 
buried to the depth of zero free O. Only minor losses 
occur in the anaerobic zone of the sediment; con- 
sequently, most of the organic matter which reaches 
that zone is preserved even when the mud is com- 
pacted to shale. Only about 0. 15% of this deeply 
buried organic matter is eventually recovered as 
oil in the Los Angeles basin. Thus, the processes 
by which phytoplankton becomes converted into oil 
are very inefficient. Comparison of the various 
basins permits estimation of optimum environments 
for oil accumulation. -- Auth. 


1-2060. Redfield, Alfred C. PRELUDES TO THE 
ENTRAPMENT OF ORGANIC MATTER IN THE 
SEDIMENTS OF LAKE MARACAIBO: (In: Weeks, 
Lewis G., ed. Habitat of Oil...; a Symposium...: 

p. 968-981, 6 figs. incl. charts, graphs, table, 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 18 refs. 


Sedimentation has continued in the Maracaibo basin 
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[Venezuela] since the formation of its earliest oil- 
bearing strata. The present lake is reputed to be one 
of the most productive waters in the world. Perhaps 
no more favorable place can be found for examining 
the conditions presumed to precede the accumulation 
of organic matter in sedimentary deposits. 

The lake appears to have been fresh in the recent 
past. Sea water gained access to the basin when the 
rising sea level drowned its approaches to a present 
depth of 60 ft. Since then marine sediments have 
greatly reduced the sill depth. Escaping fresh water 
limits the entrance of sea water, which occurs only 
during 3 months of the dry season. 

The lake water contains about 1 part in 30 of sea 
water, uniformly distributed by an active wind-driven 
circulation. In the deeper basin, with depths of 100 
ft., the salt content is substantially higher. The O 
content of this "deep water" is reduced and over a 
large area of bottom is anaerobic. 

The fauna of the lake on superficial observation 
is limited in variety and numbers. Marine forms 
are restricted to species adapted to life at very low 
salinities. The significant bulk of organic matter is 
produced by fresh-water species of planktonic algae. 
These at times produce prominent surface blooms. 

The potential fertility of the lake water is revealed 
by its P content. The total P is about 1. 4 microgram 
atoms per liter in the mixed layers above the "deep 
water." This is more than commonly found in surface 
waters of the sea, but is less than that of the deep 
water of the Pacific and Indian oceans. The P, and 
presumably other nutrients, are derived from land 
drainage and are accumulated in the lake by evapora- 
tion and by the sinking of organisms into the deep 
water. 

One third of the P is present in inorganic form 
available for plant nutrition. Consequently, growth 
is not limited by its availability in the photic zone. 

In the "deep water" the P content is manifoldly in- 
creased by the sinking of organisms. The O available 
is insufficient to oxidize this accumulation, and con- 
ditions unusually favorable for the entrapment of 
organic matter in sediments result. 

Sedimentation is active in the lake, particularly 
in the SW. quarter, where the Catatumbo river is 
building an extensive delta. Its water discolors the 
lake for a great distance along the shore. The lake 
bottom consists of soft blue mud which, in the 
anaerobic region, is black for several inches below 
the surface and smells strongly of H9S. The mud is 
sufficiently unconsolidated to permit a test pile to 
sink 30 ft. under its own weight. 

It is concluded that lake Maracaibo is an unusually 
favorable place to study the processes which lead to 
the entrapment and the subsequent transformation of 
organic matter in sediments. 

“Petroleum in its natural occurrence is closely 
associated with marine or semi-marine nearshore 
sediments. The relation is practically universal and 
has persisied since Cambrian time, very probably 
without material alteration. The study of the deposi- 
tional zones of present-day seas and oceans therefore 
appears essential to an understanding of oil occurrence, 
particularly in its initial stages. '' Eugene Stebi 
(1950). -- Auth, 2 err et an Bg 


1- 2061. Smirnov, Leonid P. (Smirnow). BLACK 
SEA BASIN, ITS POSITION IN THE ALPINE STRUC- 
TURE AND ITS RICHLY ORGANIC QUATERNARY 
SEDIMENTS: (In: Weeks, Lewis G., ed. Habitat of 
Oil... ; a Symposium...: p. 982-994, 6 maps, 3 
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graphs, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 


The Black Sea basin forms part of the interior 
zone of the Alpine mobile belt of southeastern Europe. 
It is a true sea with a depth of more than 6,000 ft. 

Its formation started in Upper Cretaceous time, and 
thus is related to other depressions of the Alpine 
mobile belt. 

The block occupied by the Black Sea depression is 
surrounded by Hercynian and Alpine structures of the 
Great Caucasus, Small Caucasus, Pontian, and Balkan 
tectonic units. Characteristics of the Black Sea 
depression are a deep central portion and very little 
developed shelf areas. 

On the SE. , the Black Sea depression narrows, 
shallows, and merges into the intermontane depression 
that separates the structure of the Great Caucasus 
from that of the Small Caucasus. Beyond, to the SE. , 
the trough merges with the deep depression of the 
southern Caspian Sea. 

It is apparent that in the Upper Cretaceous and 
Tertiary a very thick series of sediments was 
deposited in the Black Sea depression. These were 
possibly geosynclinal sediments of Mediterranean 
type. During the Pliocene the Black Sea basin had no 
connection with that of the Mediterranean. From then 
to the end of the Pliocene the Black Sea was inhabited 
by a special so-called Pontian fauna, characteristic 
of brackish waters. 

There were frequent changes of salinity in the 
Black Sea basin during Quaternary time. The first 
increase of salinity was in the Mindel Riss inter- 
glacial epoch. This was caused by a connection with 
the salty Mediterranean waters through the Dardanelles 
and Bosporus. At that time the Mediterranean fauna 
reappeared in the Black Sea basin after a long absence. 
The reason for these sharp changes of salinity in the 
Black Sea basin is not clear. They could have been 
created by tectonic movements of the southern 
(Anatolian) coast. The salinity was also affected by 
changes of climate in glacial and interglacial epochs, 
which decreased or increased the inflow of fresh 
water from the land. 

A characteristic of the present Black Sea basin is 
the poisoning of the water by hydrogen sulfide to almost 
its full depth of 6,000 ft. The waters contain O only 
to a depth of 450 to 550 ft. The H9S poisoning of the 
Black Sea basin started in Wurm time, or a little 
later, in the so-called late Euxinian basin. The 
deposits of the marine terraces and of the deeper 
bottom reflect clearly changes of salinity, oxidation, 
rate of sedimentation, organic matter accumulation, 
and other environmental factors. 

The recent deposits of the Black Sea are represented 
by different kinds of muds. Some are very rich in 
organic matter. Maximal absolute accumulations of 
the organic matter on the bottom of the Black Sea basin 
are in its shallow portion, where the water still con- 
tains O and where fresh water from rivers flows in. 
The minimal absolute accumulations of the organic 
matter are in the zone poisoned by H2S, which are 
the pelagic areas far from the shores. 

Some geologists have thought that the accumulation 
of the organic matter in the muds of the Black Sea 
varies primarily with the extent of HS poisoning. 
is now known that the effect of this poisoning on ac- 
cumulation of organic matter on the bottom of the 
Black Sea is exaggerated. As now understood, ac- 
cumulation of organic matter on the bottom of the 
Black Sea depends on the whole process of sedi- 
mentation - its velocity, the mechanical and chemical 
composition of the sediments, and biological pro- 
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ductivity of the basin. 

It is hardly possibly to compare the Black Sea 
basin with other recent or any ancient basins, where 
organic matter was accumulating. -- Auth. 


1- 2062. Ewing, Maurice, David B. Ericson, and 
Bruce C. Heezen. SEDIMENTS AND TOPOGRAPHY 
OF THE GULF OF MEXICO: (In: Weeks, Lewis G. ; 
ed. Habitat of Oil...; a Symposium...: p. 995-1053, 
28 figs. incl. 7 maps, secs., graphs, 11 tables, 
Tulsa, Oklahoma, American Association of Petroleum 
Geologists, 1958) 45 refs. 


The topography of the floor of the Gulf of Mexico is 
dominated by the Mississippi cone, the apex of which 
lies a few hundred feet below sea level at the Pleisto- 
cene mouth of the Mississippi River, and limits of 
which are formed by the scarps bounding the main 
basin. On the SW. the Mississippi cone merges with 
the remarkably flat Sigsbee abyssal plain. 

The sediments of the cone and the closely related 
abyssal plain are all remarkably similar. The top 
30-50 cm. of each core from the abyssal plain and 
lower Mississippi cone is largely composed of 
foraminiferal lutite. This bed reaches its maximum 
thickness of 4 m. on the upper cone and on the upper 
continental rise. The lower portion of each core is 
composed of gray silty clay which forms a layer so 
thick that, with one exception it has never been com- 
pletely penetrated by a 30-ft. coring tube. Micro- 
paleontological correlation and radiocarbon dating 
have established the abrupt transition at the base of 
the ooze as the Pleistocene-Recent boundary (11,000 
years B, P. ). 

In sharp contrast, cores from 3 low knolls rising 
from the abyssal plain contain no gray silts and 
represent pelagic deposition well back into the 
Pleistocene. 

The deposition of gray silts and clays on the cone 
and on the floor of the abyssal plain at the same time 
that pelagic sediment was being deposited on the 
knolls proves that the gray silts were transported 
along the sea floor. 

Evidence from sediments and topography indicates 
that the Mississippi cone was formed by the turbidity 
current transportation and deposition of silty sedi- 
ments supplied in quantity by the Pleistocene Missis- 
sippi River. -- Auth. 


1-2063. Bentz, Alfred. RELATIONS BETWEEN OIL 
FIELDS AND SEDIMENTARY TROUGHS IN NORTH- 
WEST GERMAN BASIN: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 1054-1066, 

5 maps, 5 tables, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 5refs. 


The NW. German sedimentary basin has a com- 
plex geological history. Its deeper underground has 
amazingly complicated lines of structure, with high 
blocks separated by deep sedimentary troughs. It 
can now be proved that the 68 oil and gas fields dis- 
covered in the NW. German basin are closely re- 
lated genetically to the distribution of such subsur- 
face troughs within the basin. These subsurface 
troughs were developed from the Liassic onward, 
but the first framework had probably already origi- 
nated in the Zechstein (upper Permian). Their char- 
acteristic feature is the variation in thickness of 
sediments, which in the basin deeps may increase 
two- and threefold above the more normal thicknesses. 
The Liassic, for instance, which has a normal 
thickness of 200-300 m., may increase in parts of 
the troughs up to 1, 200 m. 
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A further characteristic is the principal part 
played by bituminous rocks. Oil shales are known 
from the Rhaetic (Upper Triassic) to the Barremian 
(Lower Cretaceous), but primary bituminous remains 
can also be found widely spread in marls, dolomites, 
and limestones. These bituminous series are not 
only restricted to the purely marine facies of the 
basin sediments but they are also fairly well devel- 
oped in the saliferous facies of the Portland (Upper 
Jurassic) and in the brackish-limnic Wealden. 

About 200 salt domes have been proved within the 
limits of the NW. German basin. The time of their 
origin varies; it was proved, however, that the first 
uprising of salt must have already taken place in the 
upper Dogger. The migration of oil and gas from the 
source rocks in the deepest parts of the troughs into 
higher reservoir rocks had already occurred at the 
time of formation of the pronounced upper Dogger 
traps. It must further be expected that from the 
beginning of sedimentation, especially at the boun- 
daries of the troughs, stratigraphic traps were also 
already existent and that, therefore, formation of oil 
fields had already started during the Jurassic. There 
is evidence for such pre-Neocomian oil deposits, 
which were later completely or partly destroyed. 

The formation of the present oil deposits is, however, 
much younger; it took place, in most cases, in the 
Upper Cretaceous or in the early Tertiary, and in 
some places even later. 

A repetition of processes leading to the formation 
of the NW. German oil fields must be assumed; that 
is, we see a multiple origin for the oil series from 
the Permian to the Lower Cretaceous. We are con- 
cerned with multiple migration from the troughs and 
multiple accumulation in the different types of oil 
traps - salt domes, anticlines, and stratigraphic 
traps. --Auth. 


1-2064. Visser, W. A., andG. C. L. Sung. OIL 
AND NATURAL GAS IN NORTHEASTERN NETHER- 
LANDS: (In: Weeks, Lewis G., ed. Habitat of Oil... ; 
a Symposium...: p. 1067-1090, 5 maps, 2 secs., 
strat. col., Tulsa, Oklahoma, American Association 
of Petroleum Geologists, 1958) 23 refs. 


The NE. Netherlands basin forms the western 
extension of the NW. German basin; it is separated 
from the North Sea basin to the W. by the "Netherlands 
ridge, " a NNW- to SSE. -trending barrier which lies 
in the NNW. prolongation of the Geldern-Krefeld 
horst. This ridge is formed by an area in which a 
positive tendency prevailed during upper Permian, 
Triassic, and Cretaceous time. 

In the post-Carboniferous stratigraphy, 5 sedi- 
mentation cycles separated by folding phases can 
be distinguished. From old to young, these are: 

1) upper Permian-Triassic, followed by the Upper 
Triassic old Kimmeric folding phase. 2) upper 
Rhaetic-Jurassic, followed by the Upper Jurassic 
(Malm) young Kimmeric folding phase. 3) Upper 
Jurassic-Neocomian (Portlandian- Aptian inclusive), 
followed by the Lower Albian folding phase. 4) 
Albian-Upper Cretaceous, followed by the Laramic 
folding phase. 5) Tertiary-Quaternary. 

Flowage of the upper Permian rock salt played 
an important, though not exclusive, role in the 
folding of the anticlines in northeastern Netherlands, 
several of which are Variscic in origin, the others 
being Saxonic. ; 

Natural gas is produced from dolomitic members 
in the upper Permian evaporites. The gas, here, 
was both generated and accumulated in the dolomites 
and their associated argillaceous deposits. Rock 
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salt formed the sealing cap rock. 

Where the rock salt seal is lacking, the upper 
Permian gas has been dissipated through leakage, 
leaving only traces of dead oil shows. In the 
Wanneperveen-De Wijk and Staphorst gas fields, 
the dissipated gas re-accumulated in the basal beds - 
sands and sandy clays - of the Barremain, which 
here transgress over lower Bunter. These gas 
fields occupy an area which, during the Cretaceous, 
formed a single gentle dome. Staphorst became a 
separate anticline during the Tertiary; the structures 
in the area acquired their present shape during the 
Pliocene. The youth of these structures, and the 
poor permeability of the reservoirs, together with 
the probable presence of zones of nonpermeability, 
may account for the gas-water table not lying in a 
horizontal plane. 

In the Schoonebeek oil field middle Valanginian 
sands produce an oil with a gravity of 25° A. P. I. 
at the rate of 2,900 cu. m. per day. 

Oil source rocks are to be found in the upper 
Liassic, perhaps also in the Portlandian and Wealden 
formations; furthermore, migration from a remote 
source is likely - that is, from the deeper parts of 
the NW. German basin. 

Migration of oil occurred in 2 phases - during the 
Neocomian, and then again from Albian to Upper 
Cretaceous. Accumulations in northeastern Nether- 
lands due to the earlier migration were destroyed 
during the pre- Albian erosion, leaving only traces 
of dead oil and, at Zweelo, a negligible amount of 
heavy oil; the accumulation at the Schoonebeek field 
is due to the later Albian-to-Upper Cretaceous migra- 
tion. 

The Schoonebeek structure is an eastward-plunging 
anticline; closure to the W. is effected by the Albian 
unconformity. -- Auth. 


1-2065. Bonnard, E., A. Debourle, H. Hlauschek, 
P. Michel, V. Perebaskine, J. Schoeffler, R. Seronie- 
Vivien, and M. Vigneaux. THE AQUITANIAN BASIN, 
SOUTHWEST FRANCE: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 1091-1122, 9 
maps, 2 tables, Tulsa, Oklahoma, American Associa- 
tion of Petroleum Geologists, 1958) ref. 


The Aquitanian basin in southwestern France is 
surrounded by Variscan massifs to the N., NE., and 
E., and by a Tertiary chain, the Pyrenees, with a 
Variscan core, to the S. Toward the W., the extension 
of the basin beneath the Atlantic remains unknown. The 
basinis asymmetric, inasmuch as there is avery gentle 
regional dip of Tertiary and Mesozoic rocks into the 
basin along the massifs, whereas complicated struc- 
tural conditions exist along the mobile belt in the S. 

The denudation products of the Variscan mountains 
were laid down in the lowlands of the continent during 
upper Carboniferous and Permian time in the form of 
sandstones and shales, locally with some coal, covered 
by red conglomerates and sandstones. The Triassic 
sediments consist of detrital rocks and evaporites with 
a short marine invasion in the S. ; this is the facies of 
the Germanic or epicontinental Triassic. At the begin- 
ning of the Jurassic a marine invasion came from the 
E., but the facies remains neritic-epicontinental, and 
no trace of a geosynclinal development along the 
Pyrenees can be seen. During Triassic and Jurassic 
time the region had already developed a basinlike 
appearance with the N. and E. margins rather 
similar to today's, while the Pyrenees probably formed 
an island chain. 

In Lower Cretaceous time a zone of subsidence 
developed along the general area of the Pyrenees, 
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widening toward the W., and marine sediments several 
thousand meters in thickness were laid down, while 
the northern and northeastern part of the basin became 
dry land. This is the first indication of geosynclinal 
development in the region of the Pyrenees. 

During the Upper Cretaceous, 2 marine invasions 
took place at about the same time, both coming 
definitely from the W. The first formed a narrow, 
long grabenlike channel continuing in a restricted 
way the Lower Cretaceous zone of subsidence; this 
is the Pyrenean flysch zone, with sediments several 
thousand meters thick. The second invasion formed 
a wide and shallow gulf with the base along the 
Atlantic coast, covering the northern half of the basin. 
Although contemporaneous with the flysch zone, lime- 
stones of shallow water epicontinental facies, less than 
1,000 m. thick, were deposited in this gulf. This sea 
extended farther northward than that of Lower Cre- 
taceous time and transgressed over the Jurassic. 

During the Tertiary, the gulfs from the Atlantic 
became gradually smaller and almost disappeared 
from the present basin in Pliocene time. Quaternary 
fluviatile deposits, derived from the Pyrenees and the 
old massifs, cover much of the older beds, and are 
in turn covered in the coastal region by aerolic sands. 

The main orogenic phase in the Pyrenees took place 
in Eocene time. The structure of the flysch is very 
complicated and the flysch seems to be upthrust onto 
the foreland. The Jurassic of the basin forms folds 
with E.-W. as the predominant trend. The intensity 
of folding decreases in the Cretaceous and more so 
in the lower Tertiary. The upper Tertiary is almost 
horizontal. Faulting seems to have been particularly 
active during Tertiary time; on the margins of the 
basin a northwestern trend parallel to the grain of the 
old massifs is very conspicuous, but many other faults 
of different directions are indicated by seismics. 
Doubtlessly the movements of the basement have in- 
fluenced the structure of the sedimentary cover. 

Almost all surface seepages of oil or gas are 
located along the Pyrenees, within or close to the 
flysch trough. Many are connected with Triassic 
diapirs and range in age from Miocene to Aptian. 

Numerous shows have been encountered in wells 
in the same area, from Eocene to Triassic. Triassic 
oil shows have been found by recent drilling NW. and 
SE. of Bordeaux. Many structures in and close to the 
foothill belt have been drilled, but most of them are 
dry. 

At present one gas field is producing from Cenoman- 
ian at St. Marcet in the flysch zone. One oil field at 
Lacq, close to the flysch zone, is producing heavy 
sulfurous oil from the Senonian; a gas deposit in the 
Lower Cretaceous is not yet producing. In 1954 what 
appears to be a major oil field with rather light sweet 
oil in Lower Cretaceous dolomite, was discovered 
at Parentis, 80 km. SW. of Bordeaux. -- Auth. 


1-2066. Bruderer, W., and M. C. Louis. CON- 
DITIONS GOVERNING THE DISTRIBUTION AND 
ORIGIN OF OIL IN THE RHINE GRABEN OF FRANCE 
AND GERMANY: (In: Weeks, Lewis G., ed. Habitat 
of Oil...; aSymposium...: p. 1123-1133, map, 2 
secs., diag., Tulsa, Oklahoma, American Associa- 
tion of Petroleum Geologists, 1958) 13 refs. 


The petroleum production from the Rhine Valley 
is and probably will continue to be of very small 
importance. It has its place, nevertheless, in the 
history of oil because the outcropping oil sands have 
been exploited for some 500 years. Here oil sands 
have been produced by means of mine shafts and 
galleries on a great scale since the start of this 
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century. 

From the geophysical point of view, this part of 
the Rhine Valley was cut deeply into an old Paleozoic 
shield in the midst of a heavy gravity anomaly which 
collapsed by downfaulting. 

One of several oil-producing rift valleys of the 
world, the small Rhine graben valley, came to 
attention again in 1953 by the discovery of 3 new 
oil fields of little importance. Two types of oil are 
present which almost certainly are of different 
origin. One oil is of a mixed base attributed to a 
Tertiary origin; the other is of a paraffin base and 
seems to belong to the Mesozoic substratum in which 
the whole set of Cretaceous sediments is lacking. 
Some cases of migration of Tertiary oils into 
Mesozoic reservoirs and vice versa can be deduced 
from the chemical analyses. 

Though big losses of oil from Mesozoic beds 
probably occurred during the Cretaceous uplift, 
there are still discoveries to be expected from deep 
fault blocks in the southern zone of the valley, but 
they are difficult to locate. In the northern zone, 
Tertiary discoveries are much easier to make, but 
also in this part there should be new possibilities 
in Triassic formations. -- Auth. 


1- 2067. Janoschek, Robert H. THEINNER-AL- 
PINE VIENNA BASIN; AN EXAMPLE OF A SMALL 
SEDIMENTARY AREA WITH RICH OIL ACCUMULA- 
TION: (In: Weeks, Lewis G., ed. Habitat of Oil...; 
a Symposium...: p. 1134-1152, 7 maps, 4 cross 
secs., Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 4 refs. 


Sediments in the Vienna basin are several thousand 
meters thick and range in age from middle Miocene to 
lower Pliocene. Faulting and strong basement relief 
have divided the basin into several blocks or units 
showing complicated structure. 

Exploration has resulted in the discovery of a 
number of oil fields in which oil accumulation is 
associated with drag structures, buried hills, anti- 
clines, and stratigraphic traps. 

The ratio between the volume of the basin sedi- 
ments and the amount of oil discovered shows that 
the Vienna basin with an oil content of 175,000 
barrels per cu. mi. has a rich oil accumulation con- 
sidering its small size. -- Auth. 


1-2068. Rocco, T., and D. Jaboli. GEOLOGY AND 
HYDROCARBONS OF THE PO BASIN: (In: Weeks, 
Lewis G., ed. Habitat of Oil...; a Symposium...: 

p. 1153-1167, 10 figs. incl. 3 maps, 3 cross secs., 
diag., 2 logs, table, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 13 refs. 


The Po plain, from a geological point of view, may 
be divided in 2 regions - the Periapenninic trough in 
the S. and the Pedealpine region in the N. 

The Periapenninic trough is featured by a continu- 
ous sedimentation from Oligocene to Quaternary and 
by a tremendous thickness of clays, marls, and 
sandy sediments, mainly of a neritic facies. In this 
trough the Miocene and the Pliocene formations are 
folded with long and regular anticlines, whereas the 
Quaternary is subhorizontal. 

In the Pedealpine region the basement is not so 
deep as in the Periapenninic trough, and the Pliocene 
is transgressive on the middle Miocene or older 
formations. The pre-Pliocene formations are strong- 
ly deformed and eroded, but the Pliocene is only 
mildly folded, locally above buried hills. 

Hydrocarbon-shows, mostly gas, have been found 
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in all the sedimentary series, drilled from Quater- 
nary to Oligocene. However, commercial pools have 
been found only on the tops of the anticlines, from 
lower Quaternary (Correggio beds) to Tortonian 
(Cortemaggiore beds). 

We presume that most of the hydrocarbons have 
accumulated on top of the anticlines by migration 
from the flanks rather than from vertical migration. 

AGIP Mineraria has found 13 main gas fields (one 
with oil) and some others of little importance. 

Only 8 of the 11 fields are actually producing, with 
an average daily rate of 10 million cu.m. (350 mil- 
lion cu. ft.) of gas. A further daily production of 
800, 000 cu. m. (28 million cu. ft.) of gas, with salt 
water, is obtained from upper Quaternary in the 
eastern Po plain, by many small private companies. 
--Auth. 


1-2069. Smirnov, Leonid P. (Smirnow). OIL- 
BEARING BASINS ON EASTERN EDGE OF THE 
RUSSIAN PLATFORM: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 1168-1181, 
6 maps, 3 secs., Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958). 


Approximately 600,000 barrels of oil daily, or 
about one half of all Soviet oil production, at present 
comes from the so-called Second Baku or Ural-Volga 
region. This new oil-bearing province lies along the 
eastern edge of the Russian platform adjacent to the 
Ural mobile belt. Oil occurrence in the Second Baku 
is related to structural development along the eastern 
portion of the Russian platform and is controlled 
primarily by movements of separated blocks of the 
crystalline basement. These movements occurred 
during Caledonian, Hercynian, and Alpine time, 
and they resulted in the formation of arches and 
depressions in the platform. 

In the eastern portion of the Russian platform, 
the following oil-bearing basins may be distinguished 
Ural premountain trough of Hercynian age, Ural- 
Volga arch basin, and the pre-Caspian depression. 

Along the Ural premountain trough, well-developed 
reefs of early Permian age are the principal oil- 
bearing reservoirs. The reefs were formed along 
the eastern edge of the platform facing the Ural 
trough. They developed on transverse uplifts along 
the faulted edges of grabens in the transitional zone 
between the platform and the premountain trough. 
The Ural premountain trough developed in late 
Hercynian time by "capture" of the Caledonian and 
early Hercynian platforms. Evidence of this is the 
existence of platform oil-bearing facies in the lower 
and middle Paleozoic deposits in the present Ural 
trough belt of Hercynian or late Paleozoic age. 

In the oil-bearing basin of the Ural-Volga arch 
the oil occurs in the Devonian, Carboniferous, and 
Permian. The Devonian oil-bearing series in some 
places rests on the crystalline basement. In other 
places it is underlain by deposits of the lower Paleo- 
zoic. Volcanism of the platform type developed 
locally during pre-Devonian and Devonian time. 

In the pre-Caspian oil-bearing depression which 
occupies the southeastern corner of the Russian 
platform there are more than 1,500 salt domes. The 
salt is of lower Permian age. Devonian salt may 
be present in the western portion of the pre-Caspian 
depression. A mobile belt of Caledonian and Hercy- 
nian time circles the southeastern edge of the Russian 
platform, connecting the Caledonian and Hercynian 
structure of the Urals and Caucasus. This belt lies 
buried beneath the Caspian depression and may have 
had considerable influence on oil occurrence in the 
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depression. 

Study and analysis of the structure of the eastern 
edge of the Russian platform show that there was 
movement of the edges opposite the mobile belt. 
Sharp-angle wedgelike projections of the platform 
edge were extremely mobile. At the same time, 
they preserve their platformlike character. The 
Ural-Caucasus Paleozoic mobile belt encircles the 
southeastern edge of the Russian platform like a 
garland. 

Many examples of such platform edges facing the 
deep trough of the mobile belt might be cited from 
all parts of the world. Some:of these platform edges 
or “hingebelts" and their garlands of mobile belts 
are richly petroliferous. -- Auth. 


1-2070. Greig, Douglas A. OIL HORIZONS IN 

THE MIDDLE EAST: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 1182-1193, 7 
figs. incl. 4 maps, 2 secs., table, Tulsa, Oklahoma, 
American Association of Petroleum Geologists ,1958) 


The oil horizons in the world's greatest productive 
basin range in age from Miocene to Jurassic. With 
additional prospecting, older producing horizons can 
confidently be expected. The younger Tertiary hori- 
zons produce on the mobile or mountainward side of 
the basin. Older horizons thus far have their major 
accumulations on the low foreland shelf of the basin 
with the older horizons being productive higher on the 
shelf than the younger horizons. 

Generally speaking, all the oils are relatively high 
in S, and there is a tendency for the oil gravities to 
become lighter with depth and toward the center of 
the basin. There is an indication of a tar belt on the 
NW. side of the basin, as exemplified by the famous 
tar seepages of Hit. Through Syria, prospecting has 
thus far been negative in spite of a satisfactory strati- 
graphic section being present. Three types of struc- 
tures are present: 1) strongly folded and commonly 
long anticlinal structures paralleling the front of the 
mobile mountains, 2) long, broad, gentle, uniform 
structures of the shelf, and 3) a large number of 
salt domes. A unique feature of this basin is the 
repeated occurrence of evaporites from the Cambrian 
up to the Miocene. Apparently, these evaporite beds 
act as an excellent sealing agent to retain the oil in 
place. --Auth. 


1- 2071. Dunnington, H. V. GENERATION, 
MIGRATION, ACCUMULATION, AND DISSIPATION 
OF OIL IN NORTHERN IRAQ: (In: Weeks, Lewis G., 
ed. Habitat of Oil... ; a Symposium...:p. 1194-1251, 
14 maps, 7 secs., graph, Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 29 refs. 


Most of the known oil accumulations of northern 
Iraq probably originated by upward migration from 
earlier, deeper accumulations which were initially 
housed in stratigraphic or long-established structural 
traps, and which are now largely depleted. The earlier 
concentrations had their source in basinal sediments, 
into which the porous, primary-reservoir limestones 
pass at modest distances E. of the present fields. 

Development of the region favored lateral migra- 
tion from different basinal areas of Upper Jurassic 
and lower-middle Cretaceous time into different 
areas of primary accumulation. Important factors 
affecting primary accumulation included: 1) early 
emergence and porosity improvement of the reservoir 
limestones, followed by burial under seal-capable 
sediments; 2) the timely imposition of heavy and 
increasing depositional loads on the source sediments, 
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and the progressive marginward advance of such 
loads; 3) progressive steepening of gradients trend- 
ing upward from source to accumulation area; 4) 
limitation of the reservoir formations on the updip 
margin by truncation or by porosity trap conditions. 
In late Tertiary time, large-scale folding caused 
adjustments within the primary reservoirs, and 
associated fracturing permitted eventual escape 

to higher limestone reservoirs, or to dissipation 

at surface. 

The sulfurous, noncommercial crudes of Miocene 
and Upper Cretaceous reservoirs in the Qaiyarah 
area are thought to stem from basinal radiolarian 
Upper Jurassic sediments, which lie downdip, a few 
tens of miles E. of these fields. Upper Cretaceous 
oils of Ain Zalah and Butmah drained upward from 
primary accumulations in middle Cretaceous lime- 
stones, which were filled from basinal sediments of 
Lower Cretaceous age situated in a localized trough 
afew miles NE. of these structures. The huge 
Kirkuk accumulation, now housed in Eocene- -Oligo- 
cene limestones, ascended from a precedent ac- 
cumulation in porous middle-lower Cretaceous 
limestones, which drew its oil from globigerinal- 
radiolarian shales and limestones of the con- 
temporaneous basin, a snort distance E. of the 
present field limits. 

Eocene-Oligocene globigerinal sediments, con- 
sidered by some the obvious source material for 

_Kirkuk oil, seemingly provided little or no part of 
the present accumulation. The reservoir formation 
may have been filled from these sources, to lose its 
oil by surface dissipation during the erosional episode 
preceding lower Fars deposition. Upper Cretaceous 
basinal sediments probably contributed nothing to 
known oil field accumulations, though they may have 
subscribed to the spectacular impregnations of some 
exposed, Upper Cretaceous reeftype limestones. 
Neither Miocene nor pre-Upper Jurassic sediments 
have played any discernible role in providing oil 
to any producing field. Indigenous oils are thought 
to be negligible in the limestone-reservoir forma- 
tions considered. -- Auth. 


1-2072. Owen, R. M. S., and SamiN. Nasr. 
STRATIGRAPHY OF THE KUWAIT-BASRA AREA: 
(In: Weeks, Lewis G., ed. Habitat of Oil...;a 
Symposium...: p. 1252-1278, 6 figs. incl. map, 
chart, Tulsa, Oklahoma, American Association of 
Petroleum Geologists, 1958) 7 refs. 


The paper discusses the stratigraphy and correla- 
tion of the various oil-field sections drilled to date 
in the Kuwait-Basra [Iraq] area. Sediments pene- 
trated aggregate some 20,000 ft. in thickness, and 
‘range in age from Pleistocene to probable Triassic. 
The Pleistocene to Lower Cretaceous succession is 
described in detail and is subdivided into formational 
rock units, all of which are defined, and some of 
which are here published for the first time. Further- 
more, a brief generalized lithologic description is 
given of pre-Lower Cretaceous strata penetrated in 
the Burgan deep test. 

Sedimentation appears to have been essentially 
continuous from the Triassic onward, except for 
some sharp local breaks related to structure which 
occurred toward the end of the middle Cretaceous, 
and except for a widespread unconformity of post- 
middle Eocene age, and finally, of course, except 
for the minor post-Miocene movements responsible 
for the present day land surface. 

Brief notes on the history of exploration and the 
discovery of oil in this area are also presented. -- 


Auth. 
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1-2073. Falcon, N. L. POSITION OF OIL FIELDS 
OF SOUTHWEST IRAN WITH RESPECT TO RELEVANT 
SEDIMENTARY BASINS: (In: Weeks, Lewis G., ed. 
Habitat of Oil...; a Symposium...: p. 1279-1293, 8 
maps, cross sec.,| Tulsa, Oklahoma, American 
Association of Petroleum Geologists, 1958) 9 refs. 


The uneven distribution of factual data is stressed; 
much is known from the mountain outcrops, but little 
below the foothills and plains where knowledge is 
restricted to a few borehole sections. The Paleozoic 
can be treated as basement, its major contribution 
to oil-field position probably being the influence of a 
Cambrian salt group on the growth of the Tertiary 
folds in which the oil concentrated. The first impor- 
tant negative area can be recognized in the Turonian 
and Lower Cretaceous; it was aligned NW.-SE. with 
an axis about 40 mi. NE. of the oil-field belt. This 
trough was separated from the Basra-Kuwait area of 
thick deposition by a positive area about which little 
is known. In Upper Cretaceous-Eocene time the axis 
of the sedimentary trough was about 70 mi. NE. of 
the oil-field belt. During lower Miocene time an 
important basin developed, in which the lower Fars 
evaporites were laid down, with an axis about 20 mi. 
NE. of the oil field belt. After middle Miocene time 
orogenesis developed rapidly, local structural fea- 
tures assumed control, and great thicknesses of 
continental beds were deposited in individual synclines. 
Concurrently with the development of the anticlines 
and synclines a major upwarping of the Zagros moun- 
tains occurred, and a downwarping of the foothills 
and plains areas. The SW. limit of the pre-Fars 
outcrops, "The Mountain Front, marks the approxi- 
mate hinge line of this great geoflexure, which in 
the oil-field area had an amplitude of about 40,000 ft. 
It is shown that the oil fields of south Iran are situated 
high up on the SW. flank of the depositional basins in 
which the source material must have accumulated, 
but that their present position is on the NE. flank of 
the late Tertiary basin in which sediments are still 
accumulating. The presence of the oil can be ex- 
plained by long distance or local oil migration. -- Auth. 


1-2074. Steineke, Max, R. A. Bramkamp, and 
N. J. Sander. STRATIGRAPHIC RELATIONS OF 
ARABIAN JURASSIC OIL: (In: Weeks, Lewis G., 
ed. Habitat of Oil...; a Symposium...: p. 1294-1329, 


6 figs. incl. 4 maps, sec., table, Tulsa, Oklahoma, 


American Association of Petroleum Geologists, 1958) 
23 refs. 


Jurassic rocks over much of the central and north- 
eastern parts of Saudi Arabia constitute a major cycle 
of carbonate deposition closing with evaporites. Lower, 
Middle, and lower Upper Jurassic rocks apparently 
represent shallow-water shelf deposits in the W. , 
passing to the E. into rocks presumably originally 
lime muds deposited in water of unknown but greater 
depth. Two of the units (Tuwaiq mountain and Hanifa) 
prominent in the shallow-water sequence of central 
Arabia seem to be lacking in the E. It is reasonable 
to assume that oil accumulations in these rocks (Dhruma 
and Jubaila formations) of coastal Arabia, originated 
in and near the rocks in which the oil is now found. 

The later Jurassic Arab formation (middle or upper 
Upper Jurassic) shows increased paleogeographic dif- 
ferentiation. During the time of lower Arab deposition 
an extensive evaporite-depositing lagoon covered much 
of the western part of the area in which sediments of 
this unit survive. This lagoon was apparently bounded 
to the E. by a bar, or group of bars, composed pre- 
dominantly of cleanly washed calcarenite. Farther 
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E. are granular, fine-grained limestones, no doubt 
originally silt sized, with minor calcarenite (generally 
with a lime mud matrix). Still farther, lithographic 
limestones which must have been laid down as es- 
sentially pure lime mud, become prominent. In the 
area of the oil fields, the upper Arab evaporites 
periodically expand from W. to E. and the general 
cycle finally closed with the Hith anhydrite apparently 
blanketing the whole area. 

The largest Arabian Jurassic oil accumulations occur 
inthe lowest member of the Arab (""D member”) in the 
area where the dominant rocks are clean-washed 
calcarenites, and other more or less porous fine- 
grained carbonate rocks, apparently as a belt be- 
tween the evaporite-depositing lagoon on the W. and 
a lime-mud-depositing area on the E. Oil is generally 
present in the upper Jubaila in this same general area 
when porosity is sufficient. 

Oil of the upper Jubaila and "D member" of the 
Arab may have originated either 1) in the general 
stratigraphic units in which it is now found, or 2) 
in the lime muds of the underlying Jubaila from 
which it was forced upward during compaction. Oil 
in higher members of the Arab formation probably 
was generated in the members in which it is now 
found. 

The preferred hypothesis for the geological history 
of upper Jubaila and Arab oil accumulations is that 
permeability barriers of stratigraphic type surrounding 
the main calcarenite lenses and other bodies of porous 
rock maintained the oil in the general area until the 
gentle folding of middle Cretaceous to Eocene times, 
the main period of growth of the structures, con- 
centrated the oil into the fields as they are now known. 

Definitions of the main sedimentary rock units 
currently used in Saudi Arabia are included. -- Auth. 


1-2075. Schaub, H. P., and A. Jackson. THE 
NORTHWESTERN OIL BASIN OF BORNEO: (In: 
Weeks, Lewis G., ed. Habitat of Oil...; a Sym- 
posium...: p. 1330-1336, map, 3 secs., Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) ref. 


The northwestern oil basin of Borneo (East 
Indian archipelago) is one of the marginal troughs 
of the Sunda shelf and was formed during the Tertiary 
cycle of deposition and orogenesis. 

The present basin came into existence at the 
beginning of the Eocene, during which a thick series 
consisting of mostly sandstone and shale was deposited. 
During the Oligocene, deposition continued in the basin 
itself, while along the rim folding and uplift caused 
local nondeposition. The same process repeated it- 
self in the Mio-Pliocene - in the center continuous 
sedimentation of thick marine sediments grading up- 
ward into more nearshore and deltaic sedimentation 
and nearer to the rim tectonic movements causing 
erosion and unconformities. 

Folding, which is strong in the interior of Borneo, 
diminishes basinward where narrow anticlinal zones 
are separated by wide gentle synclines. 

Oil ranging between 17° and 37° API gravity 
is produced from the Miri field (since 1910, total 
production 73 million bbls. ) and the Seria field (since 
1929, total production 285 million bbls. ). 

Although no typical oil mother rocks have been 
found, the oil is thought to have originated in the 
marine Miocene sediments of the basin center. 

From there it migrated upward and toward the rim 

of the basin and was trapped in the lowermost covering 
sands. The accumulation seems to be mainly struc- 
turally controlled as both producing fields and the 
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seepage areas are connected with faulted anticlines. 
-- Auth. 


1-2076. Weeda, Jan. OIL BASIN OF EAST BORNEO; 
(In: Weeks, Lewis G., ed. Habitat of Oil...; a Sym- — 
posium...: p. 1337-1346, 2 maps, 3 secs., Tulsa, | 
Oklahoma, American Association of Petroleum Geolo-. 
gists, 1958) 3 refs. | 


In the E. of Borneo, one of the greater islands of 
the Indonesian archipelago, oil is produced from 3 
centers: 1) the Tarakan-Bunju center (since 1905) 
in the N., on islands along the E. coast; 2) the 
Balikpapan center (since 1897), on the main islands, 
farther S. along the same coast; and 3) Tandjung 
(discovered 1938), farther inland. 

The oil occurs in the Tertiary sediments of the E. 
Borneo basin. The history of the infilling is similar 
to that of other Indonesian basins. After transgressio1 
of the Tertiary and deposition of basal sands, subsi- 
dence continued and a thick shale series was deposited 
in the central part of the basin. As the sea became 
shallower, sands that cover the shale series were 
laid down. : 

Toward the end of the Pliocene and continuing well 
into the Pleistocene, the basin was folded into rather 
complicated anticlinoria, mostly parallel to the coast. 

Oil is produced from the transgressive lower sands 
(Tandjung) but mainly from the sands overlying the 
shale series (Balikpapan and Tarakan-Bunju centers). 
It is assumed that these shales contained the oil- 
mother formations. 

In E. Borneo all oil fields, except Tandjung, carry 
a cap of asphaltic oil above paraffinic oils. -- Auth. 


1-2077. Wennekers, Johannes H. L. SOUTH 
SUMATRA BASINAL AREA: (In: Weeks, Lewis G., 
ed. Habitat of Oil... ; a Symposium...: p. 1347-1358, 
4 maps, 4secs., Tulsa, Oklahoma, American Associ: 
tion of Petroleum Geologists, 1958). 


The Malayan archipelago is the principal oil- 
producing area of the Far East. The oil fields of 
the southern portion of the E. Sumatra basin - 
the S. Sumatra or Palembang basinal area - are 
large contributors to its output. The S. Sumatra 
basinal area is geologically the best known of the 
entire archipelago. To the W. this Neogene sedi- 
mentation environment is flanked by the Barisan 
geanticlinal borderland, and to the E. it is hinged 
on Sunda land. 

Early in Neogene time the sea began to invade S. 
Sumatra - at that time a subsiding land with a rugged 
topography and subject to considerable volcanism. 

In the first stage of Neogene sedimentation the origina 
topography of the basin floor caused important facies 
changes. Thick monotonous sequences of clay shale 
were laid down in the original topographical "lows" 

of the basin floor whereas terrigenous sands develope 
around the original "highs." Later in Neogene, sedi- 
mentation in the basin had been almost completed. 

In fact, towards the beginning of the Pliocene the 

sea was in full retreat (nearshore mud deposits with 
sandstone members overlain by sediments of a sub- 
continental character). 

In Plio-Pleistocene time rather weak folding 
movements took place. Three major anticlinoria, 
developed over and partly adjacent to areas of 
original high basement relief, can be distinguished. 

Reservoir sands are present throughout the entire 
Neogene section. They contain commercial ac- 
cumulations of oil where in structurally favorable 
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position and are underlain by, or immediately 
adjacent to, thick sequences of monotonous shale 
deposits. The shale filling of the original "lows" 

of basement should be regarded as the chief source 
of the oil accumulated in the reservoir sands. In 
areas where the basement rises rapidly toward the 
Sunda platform, facies changes caused the develop- 
ment of sheets and lenses of sand as well as over- 
lapping lime deposits with the possibility of the pres- 
ence of major accumulations in updip pinchouts. 

Nearly all oil fields are situated on well-exposed 
anticlinal structures. For many years, the mere 
presence of oil seepages or the discovery of anti- 
clinal closure or a combination of both was the sole 
reason for drilling. Surface oil indications are 
numerous in beds of upper Miocene and Pliocene age. 
Practically no seepages are known in Neogene beds 
older than upper Miocene. Those beds, however, 
produced the bulk of the oil, from well-closed 
anticlinal accumulations. 

The oils from the oldest reservoirs are heavy 
paraffinic with A.P. I. gravities ranging between 
35° and 37°. Oils from younger reservoirs are 
light to medium paraffinic (A. P. I. gravities between 
45. 3° and 54. 6°). Asphaltic oil - A. P.I. gravities 
between 22. 39 and 25. 7° - are produced from one 
or 2 minor fields in the Djambi and the Palembang 
(N. of the Musi River) district. -- Auth. 


11-2078. Weeda, Jan. OIL BASIN OF EAST JAVA: 
(In: Weeks, Lewis G., ed. Habitat of Oil...;a 
Symposium...: p. 1359-1364, 2 maps. 2 secs. , Tulsa, 
Oklahoma, American Association of Petroleum 
Geologists, 1958) 3 refs. 


In the E. -W. -trending Tertiary basin of E. Java 
(Indonesia) 132 million barrels of oil have been pro- 
duced since 1888 from some 20 fields grouped around 
the centers of Tjepu and Surabaja. 

The upper 6 km. of the infilling of the basin have 
been penetrated by the drill. Of this sequence of 
known Tertiary, the lowermost 4 km. consist almost 
entirely of Miocene bathyal shales and marls which 
may have acted as oil-mother formations. In the N. 
of the basin the upper 2 km. of sediments are neritic 
and littoral and contain in the Tjepu and Surabaja 
districts the sands from which the oil of E. Java is 
produced. 

During Plio-Pleistocene the basin was folded into 
3 E. -W. -trending zones of different tectonical char- 
acter. The northern one, the Rembang zone, is 
formed by anticlinoria on which many minor anti- 
clines with steep southern flanks are superimposed. 
Several of them are productive. 

In the Tjepu area oil was trapped in the porous 
sands covering directly the Miocene shale series, 
but toward W. and E. their reservoir properties are 
poor. Locally some younger sands are also pro- 
ductive. In Surabaja the producing horizons lie still 
higher (upper Pliocene, lower Pleistocene). 

In E. Java 3 types of oil are produced - shallow 
asphaltic oil from the Surabaja area, and a light 
and a heavy paraffinic oil from the Tjepu area. -- 
Auth. 


1-2079. 
City, 1959. TECHNICAL PAPERS. SECTION I. 
GEOLOGY AND GEOPHYSICS: separately paged, 
illus., maps (part fold.), diags. (part fold.), graphs, 
tables, New York, 1959, refs., abs. in English and 
French. } 


Preprints of some 60 papers presented at the Fifth 


World Petroleum Congress, 5th, New York 
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World Petroleum Congress, May 30-June 6, 1959, in 
New York City. The papers deal with geology and 
geophysics of oil-producing regions throughout the 
world. Each of the papers is abstracted separately 
below in the order in which it appears in the section. 
Missing numbers indicate papers which were with- 
drawn or for which preprints were not received. 


1-2080. Daetwyler, C. C., and Albert L. Kidwell, 
THE GULF OF BATABANO, A MODERN CARBON- 
ATE BASIN: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper l, 
20 p., 17 figs. incl. illus., 14 maps, 1959, 5 refs. , 
abs. in English and French. 


At least 8 distinct types of carbonate sediments 
are forming today in the Gulf of Batabano on the SW. 
coast of Cuba. The distribution of carbonate sedi- 
ment types within the gulf is not random, but forms 
distinct depositional patterns. Different sediment 
types are recognized and defined by variations 
in 2 textural components: 1) the kind and amount 
of carbonate grains, and 2) the amount of mud- 
like carbonate matrix. 

Carbonate sands composed of broken skeletal 
material and detrital limestone rock fragments are 
being deposited along the southern margin of the 
gulf, but coral and algal reefs are mainly limited 
to the southeastern portion of this marginal area. 

Carbonate sands composed of nonskeletal ovoid 
and composite grains are forming in the southeastern 
gulf, while the central gulf is characterized by 
extensive banks of sediment containing a mudlike 
matrix and skeletal grains. Oolitic carbonate sand 
is conspicuously absent, although superficial odlitic 
carbonate grains have been found in some of the 
southeastern gulf sediments. 

All of the carbonate sediments are forming in a 
shallow shelf sea with water depths nowhere exceed- 
ing 45 ft.,and averaging somewhat less than 25 ft. 
The distribution and variation of sediment types are 
influenced more by water circulation patterns in the 
gulf than by variations in water depth. 

This study has provided basic information essen- 
tial for an understanding of the depositional environ- 
ments and facies relationships of carbonate sedi- 
ments. --Auth. 


1-2081. Illing, L. V. DEPOSITION AND DIA- 
GENESIS OF SOME UPPER PALAEOZOIC CARBON- 
ATE SEDIMENTS IN WESTERN CANADA: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 2, 28p., 18 illus. 

on 3 pls., 8 figs. incl. 3 maps, 3 secs. (1 fold.), 
1959, 62 refs., abs. in English and French. 


Most of the oil reserves of western Canada have 
been found in Upper Devonian reefs and Mississippian 
bioclastic carbonate sediments. 

Reefs developed in response to rapid subsidence 
along the margins of limestone banks and on shoals 
within the banks. The few reefs that have escaped 
complete dolomitization show that sediment -binding 
algae and stromatoporoids were the framework build- 
ers of the biohermal margins, behind which bioclastic 
and lagoonal sediments accumulated. The dolomitiza- 
tion is believed to be mainly epigenetic, caused by 
connate water with high Mg++/Cat* ratio escaping 
through the reefs from adjacent and deeper com- 
pacting sediments. 

Mississippian epicontinental seas shallowed to- 
wards the partly emergent Canadian Shield, and the 
sedimentary facies belts moved back and forth in 
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response to sea level changes. The genesis and dia- 
genesis of the resulting cyclic sequence of limestones 
and dolomites are discussed in terms of the typical 
succession exposed in the Moose dome inlier of the 
foothills of S. Alberta. 

The Banff formation at the base consists pre- 
dominantly of argillaceous, cherty, pasty limestones 
formed by the anaerobic rotting of skeletal detritus 
below wave base. Bioclastic lime-sandstones (Pekisko 
formation) appeared as the seas shallowed, first with 
interstitial pasty matrix and then clean-washed as 
the energy of the depositional environment increased. 
Thin odlitic beds are the first sign of increased 
salinities. Continued shallowing segmented the seas 
into lagoons where lime-muds were precipitated to 
form the lithographic limestones of the Shunda forma- 
tion. Associated dolomite-muds accumulated in local, 
more saline lagoons. 

A return to open shelf conditions started the second 
cycle with the deposition of clean-washed lime-sand- 
stones (Turner Valley formation) composed pre- 
dominantly of crinoid ossicles and bryozoan fragments. 
Epigenetic dolomitization is common in these rocks, 
particularly in those formed from the more hetero- 
geneous bioclastic detritus. 

Cryptocrystalline dolomites, brecciated by the 
solution of associated anhydrite, occur in the over- 
lying Mount Head formation, which represents the 
evaporitic phase of the second cycle. -- Auth. 


1-2082. Garreau, B., and others. CONTRIBUTION 
FRANCAISE A L'ETUDE DE LA DOLOMITISATION. I. 
DOLOMITISATION ET PROBLEMES DE RESERVOIR 
DANS LE CHAMP DE PARENTIS. II. RECHERCHES 
SUR DES PHENOMENES DE DOLOMITISATION D'- 
ORIGINE STRUCTURALE,. II. RECHERCHES EX- 
PERIMENTALES SUR LE ROLE DES FACTEURS 
PHYSICO-CHIMIQUES DANS LA SYNTHESE DE LA 
DOLOMIE [FRENCH CONTRIBUTION TO THE STUDY 
OF DOLOMITIZATION. I. DOLOMITIZATION AND 
RESERVOIR PROBLEMS IN THE PARENTIS FIELD. 
II. RESEARCH ON THE PHENOMENA OF DOLO- 
MITIZATION OF STRUCTURAL ORIGIN. II. EX- 
PERIMENTAL RESEARCH ON THE ROLE OF 
PHYSICO-CHEMICAL FACTORS IN THE SYNTHESIS 
OF DOLOMITE]: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. I, Paper 3, 
25p., 34 figs. incl. illus., maps, diags., graphs, 
1959, 20 refs., text in French, abs. in English and 
French. 


This paper has 3 sections. The first, by B. 
Garreau, discusses the dolomitic reservoir of Paren- 
tis. Special notice is given to the areal distribution 
of dolomite in the reservoir. The irregularity of 
this distribution leads to the conclusion that the field 
is composed of several separated reservoirs. Several 
hypotheses have been advanced to explain the origin 
of Mg and of the factors preponderant in the develop- 
ment of the dolomite. The consequences of the 
heterogeneity of the drainage of the field are pre- 
sented. 

The second paper, by O. L. de Charpal, L. 
Montadert, Y. G. Gubler, and P. E. Rouge, dis- 
cusses in detail certain aspects of these reservoirs 
such as "massive dolomitic rise" of structural origin 
lately crossing the limestone beds. Detailed field 
observations completed by systematic laboratory 
analysis establish chemical, mineralogical and 
granulometric relations between limestone and 
dolomite. Statistical measurements on the fractures, 
show relations between tectonics and the dolomite 
rocks, the largest distribution of secondary fissures 
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in the dolomite, and the identical orientation in lime- 
stone and the dolomite. It is possible that this pro- 
cess of late dolomitization could have been facilitated 
by the original fracturing of the limestone. The 
physico-chemical process is not discussed. 

The third paper, by G. A. Boron and J. H. Favre, 
however, gives fundamental information on this 
subject. Recent experimental studies have shown 
that it is possible to obtain dolomite using only the 
solutions of chloride of Ca and Mg (sea-water 
components) and adding the CO3-- ions. The effect 
of physico-chemical factors such as temperature, 
crystal system, pH of solutions and the ratio Cat*/ 


Mgt+ is discussed. -- Auth. 
1-2083. Richter-Bernburg, G., and Wolfgang 
Schott. THE STRUCTURAL DEVELOPMENT OF 


NORTHWEST GERMAN SALT DOMES AND THEIR 
IMPORTANCE FOR OIL ACCUMULATION: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 4, 13 p., 10 maps, 
4 cross secs., 2 charts, 23 secs. on fold. pl., 
1959, 38 refs., abs. in English and French. 


Geological conditions necessary for the accumula- 
tion of petroleum withrespect to sedimentary deposits, 
tectonic structures, and salt structures are presented. 

Salt deposits are of great importance in the forma- 
tion of productive oil structures. Therefore, studies 
concerning the evolution and structural growth of salt 
formations are considered to be of practical value 
in understanding associated oil accumulation and 
migration. 

Geological interpretation and the importance of 
diapirism, or the growth of true salt domes, are 
discussed in detail. Also, a comparison of salt 
dome areas and sedimentary troughs, as found in 
NW. Germany, is made. -- Auth. 


1- 2084, Halbouty, Michel T., and George C. 
Hardin, Jr. A GEOLOGICAL APPRAISAL OF 
PRESENT AND FUTURE EXPLORATION TECH- 
NIQUES ON SALT DOMES OF THE GULF REGION 
OF THE UNITED STATES: World Petroleum Con- 
gress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 5, 13 p., 7 figs. incl. 4 maps, chart, 
2 cross secs., table, 1959, 8 refs., abs. in English 
and French. 


The discovery of oil from the caprock of the 
Spindletop piercement-type salt dome in Texas in 
1901 ushered in a new era of civilization in which 
liquid fuel attained a position of prime importance. 
Since that discovery, several hundred other domes, 
of various types and shapes, have been found in the 
Gulf Coast region of the United States embracing the 
states of Texas, Louisiana, and Mississippi. Because 
of the many methods of exploration which have been 
conducted on these features for 58 years with varying 
degrees of success, the majority of these domes have 
been found to contain, and have produced a fantastic 
quantity of, mineral wealth in oil, gas, S, and salt. 
The authors emphasize the fact that as much wealth 
will be found in the future on these structures and 
in their areas of geological influence as have been 
found in the past, provided that a systematic ex- 
ploration procedure backed with sound geological 
and geophysical reasoning is followed. Because of 
the structural complexity and regional influence of 
these domes, the authors recommend certain basic 
principles which should be followed to insure some 
degree of success in salt dome exploration and 
exploitation. 
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Although there are still many salt domes which to 
date have not been proven to be productive in this 
region of the United States, the authors believe that 
most, if not all, of these barren domes will eventually 
be commercially productive if they are adequately 
explored after being properly studied. 

The results of exploration on several salt domes 
are discussed and illustrated. Special emphasis is 
Placed on the evolution of geological thinking with 
regard to various methods of exploration used 
throughout the past. Methods for future exploration 
of different types of salt domes are recommended; 
these recommended methods have worldwide applica- 
tion wherever there are salt domes. -- Auth. 


1- 2085. Brognon, G., G. Verrier, and P. Masson. 
LA TECTONIQUE SALIFERE DU BASSIN DU CUANZA 
EN ANGOLA [SALT STRUCTURE OF THE CUANZA 
BASIN IN ANGOLA]: World Petroleum Congress, 5th, 
New York City, Tech. Papers, Sec. I, Paper 6, 12 
p., illus., 4maps, 4 secs., 1959, text in French, 
abs. in English and French. 


In 1953, a geological surface survey of the Cuanza 
basin in Portuguese West Africa discovered the first 
indications of salt structures in this area. Two diapirs 
were studied in Morro de Tuenza and Cabo Ledo, both 
located S. of the Cuanza river. The drilling cam- 
paign carried out N. of the Cuanza river showed the 
_ position of the salt in the stratigraphic column. It is 
probably of Aptian (Lower Cretaceous) age. Super- 
posed on the basement deformations due to faulting, 
the movements of the salt created more or less com- 
plicated anticlinal structures, where oil has been 
trapped. In some structures, the extrusion of salt 
through the overlying sediments created diapirs. 

This paper describes several structures and dis- 
cusses their relation to the general tectonic features 
of the basin. It is noted that salt structures are not 
unique on the W. coast of Africa. Recently salt 
structures have been also discovered in the Gabon 
and Lower Congo basins. -- Auth. 


1- 2086. Sloss, L. L. RELATIONSHIP OF 
PRIMARY EVAPORITES TO OIL ACCUMULATION : 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 7, 12p., 4 figs. 
incl. 3 maps, 1959, 17 refs., abs. in English and 
French. 


Primary evaporites are found in both basin and 
stable shelf associations. Among basinal evaporites 
2 major types may be distinguished: a) basin-center 
evaporites, commonly characterized by chlorides; 
and b) basin-margin evaporites, peripheral to either 
reefs or banks and typically dominated by sulfates. 

Oil and gas are related to both, with major accumula- 
tions more likely in connection with the basin-margin 
type. 

Shelf evaporites are also divisible into 2 classes: 
a) relatively thin, blanketing deposits, normally of 
anhydrite, interrupted by patch-reefs, biostromes, 
and banks; and b) red-bed evaporites, either anhydrite 
or salt, occurring as lenses of various extent in sand- 
shale associations without significant carbonates. Only 

‘the first of these shelf types is related to oil or gas 
accumulations. 

Carbonates occurring as lateral equivalents of 
evaporite deposits commonly exhibit favorable re- 
servoir conditions in the belt of carbonate-to- _ 
evaporite facies change. In this belt oil reservoirs 
may be related to one or more of the following con- 
ditions: a) reefs or biostromes with primary and/or 
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fracture porosity and permeability; b) high energy 
deposits, such as reef-flank detritus or banks and 
bars of bioclastics, pellets, and odlites; c) a dolo- 
mitized "halo" surrounding the evaporites. 

Under any of these conditions, but especially in 
a) and b), transgressive evaporites may provide the 
reservoir seal. Source relationships of basin-mar- 
gin reservoirs are clear, but the supply of hydro- 
carbons to reservoirs in other evaporite associations 
are more difficult to determine. 

Examples at a semi-regional scale are used to 
illustrate the several associations and their relation- 
ships to oil and gas accumulations. -- Auth. 


Bettuzzi, C., J. Vidal, and A. van 
Eggelpoel. DETERMINATION DE LA COMIGRATION 
D'UN PETROLE ET ESSAI D'APPLICATION AUX 
GISEMENTS DE POINTE-CLAIRETTE ET DE PORT- 
GENTIL. CORRELATIONS AVEC LA GEOLOGIE DU 
CHAMP [DETERMINATION OF THE MIGRATION OF 
PETROLEUM AND AN ATTEMPT AT ITS APPLICA- 
TION TO THE DEPOSITS OF POINTE-CLAIRETTE 
AND PORT-GENTIL. CORRELATIONS WITH THE 
FIELD GEOLOGY]: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. I, Paper 8, 
12 p., 18 figs, incl. 4 maps, 6 cross secs., 1959, 2 
refs., text in French, abs. in English and French. 


Spectrophotometric determinations made on crude 
oil samples from drill-stem tests allow graphic re- 
constitution of the way and direction of the primary 
or secondary migration of oil into a reservoir rock. 
This method is applied to the Pointe-Clairette field, 
Gabon. -- Auth. 


1-2088. Hecht, Franz. TECTONICS AND OIL 
MIGRATION IN THE OIL FIELDS OF THE GIFHORN 
TROUGH, NORTHWEST GERMANY: World Petro- 
leum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. I, Paper 9, 19 p., 5 maps, 15 secs. 
(5 fold.), 2 tables, 1959, 9 refs., abs. in English 
and French. 


Pre-Cretaceous tectonic movements, orogenesis 
as well as halokinesis, have determined the structure 
and sedimentation in the Gifhorn trough. It is a basin 
of synsedimentary subsidence containing a thick se- 
quence of Jurassic sediments. The development of 
anticlines, peripheral fault systems, salt plugs, 
angular unconformities, and facies changes has re- 
sulted in a great variety of oil-field traps within the 
Gifhorn trough. The crude oil found in these traps 
was formed in the Jurassic source rocks within the 
trough. The details of several oil fields are dis- 
cussed with regard to the question of how different 
structural conditions have created differences in the 
final contents of oil reservoirs thus allowing con- 
clusions regarding the time of oil migration. -- Auth. 


1-2089. Colombo, Umberto, and Giuseppe Sironi. 
GEOCHEMICAL ANALYSIS OF ITALIAN OILS AND 
ASPHALTS: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 10, 
27 p., 12 figs. incl. map, chart, 4 tables, 1959, 

31 refs., abs. in English and French. 


Seventy oil and asphalt shows from continental 
Italy and Sicily were sampled and studied. They 
were subdivided according to 5 geographical regions, 
which broadly correspond to geologic provinces. 

The geochemical method employed consists of the 
fractionation of the oils and asphalts into their dif- 
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ferent constituents (oily components, resins, asphal- 
tenes, carbenes), and of the analysis of oily com- 
ponents (elementary analysis, molecular weight and 
infrared spectra determination). Trace-metals 
spectrographic determination wasalso made of most 
of the samples. Two methods were employed for 
fractionation, solvent extraction and chromatography. 
A geochemical correlation among the different oils 
and asphalts within each region was made. The 
structural differences found among the various oils of 
each basin were attributed essentially to environmental 
factors. Remarkable analogies were noticed among 
the oil from different basins. This is in agreement 
with the findings on the simple constitution of crude 
oils and with the ideas on the genesis of petroleum 
by the selective preservation of naturally occurring 
hydrocarbons and by minor modifications of organic 
matter. -- Auth. 


1- 2090. Rocco, T. GELA IN SICILY, AN UNUSUAL 
OIL FIELD: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 11, 
24p., 16 figs. incl. 6 maps, 4 secs., diag., 3 fold. 
pls., 1959, 20 refs., abs. in English and French. 


After nearly a century of fruitless exploration, 2 
major oil fields were discovered in Italy, Ragusa and 
Gela, both in southeastern Sicily. The Gela field is 
located on the western depressed margin of the Ibleic 
plateau, and is situated on a Mesozoic anticline. The 
main reservoir is formed by fractured and porous 
Triassic dolomites; the structural contours of this 
formation show a number of secondary highs that 
are believed to be due to reef growth. Above the 
dolomite member, a number of secondary pools are 
found in dolomites or limestones interbedded with 
black shales; the latter form the cap rock of the 
reservoir. The oil-bearing interval extends from 
the average dépth of 3,150 m. to the oil-water con- 
tact, at 3,517 m. belowsea level. The crude is a 
low gravity (7. 3° API), high viscosity (8,588 c. St. 
at 50°C. ) oil with a low gas-oil ratio (18.1 m.° stock 
tank oil at 15°C. and 760 mm. Hg). Despite these 
characteristics, the wells are flowing with the addition 
of a small percentage of diesel oil. Some of the wells 
have a relatively high flow rate (more than 500 m.3/ 
d.), but most of them have lower potentials averaging 
about 30 m.9/d. Despite the differences in perfor- 
mance of the wells, the characteristics of the reser- 
voir do not change appreciably from well to well. 

An extensive aquifer is believed to be a controlling 
factor of the reservoir energy. -- Auth. 


1-2091. Kafka, F. T., and R. K. Kirkbride, THE 
RAGUSA OIL FIELD, SICILY: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. 1, Paper 12, 24p., ll maps, 4 secs., 1959, 33 
refs., abs. in English and French. 


The Ragusa oil field in southeastern Sicily may be 
ranked among the more important oil fields of the 
world. Proven reserves are in the order of 150 
million barrels. Total oil produced from the time 
the discovery well Ragusa 1 was put on production 
(Dec. 18, 1954) up to Nov. 30, 1958, amounts to 
over 19 million barrels. 

The Ragusa structure is an asymmetrical anticline 
located in a foreland area. Evidence of tectonic 
activity in the Ragusa area exists from Jurassic time 
to recent time. ‘There is also evidence that 3 sedi- 
mentary cycles have occurred. 

The reservoir rock at Ragusa is a Triassic dolo- 
mite (Taormina formation) that has variable degrees 
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of permeability and porosity consequent to fracture 
distribution. Above the Triassic dolomite there is 
a predominantly carbonate section of about 5, 500 ft. 
of beds ranging from upper Triassic to Miocene in 
age. Considerable intrusive and extrusive rocks 
exist in the section. 

This paper deals with some of the data now avail- 
able on the Ragusa field. Included is a discussion of 
the exploration methods used for locating the discov- 
ery well, Ragusa 1, a summary of data of the dis- 
covery well, and of drilling statistics, and some 
production characteristics of the field. The regional 
geologic setting, the stratigraphy, the structure, and 
the geologic history, are described. A brief outline 
of reservoir fluid characteristics and of their some- 
what unusual relationships is presented. --Auth. 


1-2092. Flores, G. EVIDENCE OF SLUMP PHE- 
NOMENA (OLISTOSTROMES) IN AREAS OF HYDRO- 
CARBONS EXPLORATION IN SICILY: World Petro- 
leum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. I, Paper 13, 14p., 10 figs. incl. 4 
illus., 3 maps, 2 secs., table, 1959, 9 refs., abs. 
in English and French. 


At the Fourth World Petroleum Congress in Rome 
in 1955 the author stated that work done by Gulf Italia 
and Associates in central Sicily had shown that the 
Tertiary section in Sicily included thick chaotic 
"slump" material, intercalated with "normal" sedi- 
ments, and that these chaotic intercalations may be 
classified as stratigraphic units. For these accumu- 
lations and for the large exotic masses enclosed in 
them 2 new terms respectively, olistostromes and 
olistoliths, were proposed. 

This paper presents further evidence collected in 
Sicily by the geologists of Joint Gulf Italia-Montecatini 
Companies, during 3 additional years of work, that 
confirmed the original assumptions. 

A case is presented in which one exploratory well 
in Sicily reached "normal" sedimentary series below 
the olistostrome, at depths that were in agreement 
with depths originally predicted. 

The conclusions reached and presented in this 
paper indicate that, when olistostrome deposits 
are correctly interpreted as such, the possibility 
of detecting structural "highs" in the underlying 
normal sedimentary series exists, by means of the 
conventional exploration methods. 

Several areas of chaotic stratigraphy in the world, 
that were formerly interpreted as "'tillites, ' "nappes, " 
“ancient mud volcanoes," "diapirs, " etc. are cur- 
rently being reinterpreted by some authors as 
olistostromes. This may open new avenues to 
petroleum exploration in areas previously condemned 


solely on the basis of misleading interpretation. -- 
Auth. 


1-2093. Morton, D. M. THE GEOLOGY OF OMAN: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec.I, Paper 14514 pence 


2 maps, 3 secs., 1959, 16 refs., abs. in English 
and French. 


Oman is divisible into a NE. mountain zone and 
a SW. desert foreland. Flat-lying marine Oligo- 
Miocene deposits cover most of the foreland, but 
older rocks crop out along the gentle, block-faulted 
Hugf-Haushi swell which runs northward from Ras 
Duqm for 100 mi. Here, Lower Cambrian (?) dolo- 
mites and clastics are overlapped unconformably 
by Ordovician, Permian, Jurassic, Cretaceous, and 
Tertiary marine sediments, the Paleozoic rocks 
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being mainly clastic, while the younger beds are 
mainly calcareous. These formations thicken north- 
westward into the gentle foreland basin of Oman and 
Trucial Oman, where the only visible structures are 
salt domes which probably rise from a Middle-Upper 
Cambrian (Hormuz series) source. 

The Oman mountain range has the over all struc- 
ture of a complex geanticline, trending N.-S. in its 
northern section and NW. -SE. in the S. Until the 
end of the middle Cretaceous, the area was part of 
the Oman foreland basin, with substantially the same 
sediments. But in Upper Cretaceous times, while 
regional subsidence continued, large domal uplifts 
and block movements disrupted the present axial 
zones, exposing the substrata to erosion and slump- 
ing, while vulcanism set the stage for radiolarite 
deposition (‘colored melanges"') under very disturbed 
conditions. This phase culminated in submarine 
extrusion of ophiolite (serpentinite) "nappes" on an 
immense scale and probably in a viscous state. 

Subsequently, Maestrichtian, Paleocene-Eocene, 
Oligocene, and Miocene seas ebbed and flowed to 
deposit littoral clastics and limestones along both 
flanks. In Neogene times local folding developed on 
the W. flank, and important thrusting occurred in 
the extreme N., with only minor repercussions 
elsewhere. Regional emergence, with oscillations, 
followed the Miocene, but the mountain range con- 
tinued to undergo differential uplift. --Auth. 


1- 2094. Erentoz, Cahit, and M. Zati Ternek. 
OIL POSSIBILITIES IN THE SEDIMENTARY BASINS 
OF TURKEY: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 15, 
14p., fold. map, 1959, 82 refs., abs. in English 
and French. 


Studies of the sedimentary basins of Turkey with 
special reference to their oil possibilities have been 
carried out for many years. 

S. of the Bitlis massive and the Antitaurus mountain 
range, as well as in the Arabian block located SE. of 
the Anatolian region, slightly deformed synclines and 
anticlines trend approximately NW.-SE. and NE.-SW. 
Oil is presently produced from the Raman and Garzan 
Structures. Oil here occurs in the reefy and dolomitic 
limestones of Jurassic-Cretaceous age. A thick and 
more or less continuous sedimentary series is also 
found in the subsidence basin of Adana. Oil seepages 
at the surface suggest that oil is present in the reefy 
limestones of the lower Miocene and part of the middle 
Miocene. Drilling at Hatay (Iskenderun) has revealed 
the presence of some oil and much natural gas. 

A thick sedimentary sequence (Eocene, Oligocene, 
and Miocene) is found in Thrace S. of the Istranca 
massive and in the Ergene basin. Closed, regular 
structures at these localities suggest possible ac- 
cumulation of oil. Drilling SSE. of this region, at 
Sarkéy and Mirefte (Tekirdag), has uncovered a con- 
tinuous and plentiful flow of natural gas. 

Among less promising terranes in which sediments 
are moderately thick and structures more or less 
regular, the Van-Mus-Hinis-Malazgirt region and the 
structures of the Malatya region ought to be mentioned. 
Important oil promising structures also occur in the 
northwestern part of the Tuz Golii area and the western 
part of the Ankara region. At the northern margin of 
the Pontides near the Black Sea, in the Rize region, and 
in the Boyabat-Kastamoni- Izmit region, long narrow 
bands of a facies of flysch and limestone spread out. 
Oil is to be expected in the Upper Cretaceous and 
Eocene formations of this facies. 

Mention ought to be made also of the salt domes 
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found in the gypsum series of the Sivas - Corum-(Can- 
kiri region. 

Apart from the terranes just mentioned, trans- 
gressive basins containing sedimentary deposits of 
different thicknesses, but generally thin, are found 
in the metamorphic Anatolian block, the principal 
basement of Turkey. Recent work in this area has 
failed to uncover promising oil terranes. -- Auth. 


1- 2095. Picard, Leo. GEOLOGY AND OIL 
EXPLORATION OF ISRAEL: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 16, 23 p., 6 maps, 4 cross secs. 
(2 fold.), 1959, 40 refs., abs. in English and French. 


Israel's structural bodies: anticlines-synclines and 
horst-graben (blocks) have been tested by more than 
30 wildcats (deepest - 4,000 m. ) in the course of the 
past few years. The anticlinal tests usually started 
in the Upper Cretaceous crests. They reached or 
penetrated the pelagic Jurassic limestone-dolomite 
(1,000-1,500 m. thick) in central-northern Israel, 
while in the Negeb upland, drilling encountered limy, 
marly, sandy epicontinental series or continental 
sandstone of Triassic-Jurassic and (at Sinaf) of Paleo- 
zoic age. However, no fluid producers were found. 
The only oil field - Heletz (and Brur) - is thought to 
lie in a tilted half-horst structure bordering on the 
Mediterranean Neogene graben of Ashkelon. True, 
larger anticlinal gas accumulations, expected to be- 
come exploitable, are now being tested at Zohar. 

But this and other showings of this peculiar well may 
be attributed to lateral migration deriving from the 
structures and source beds of the Dead Sea graben, 
only a few miles from Zohar. Good and partly very 
good shows were, however, frequently discovered in 
fractures and joints of Jurassic limestone. Sealed 

by an Infracretaceous shale cover, they must once 
have formed quite substantial oil accumulations 
originating, in the writer's opinion, during the lower- 
mid Tertiary orogeny. The source beds are possibly 
of pre-Jurassic age. Graben structures were drilled 
at Engedi, Massada, Jordan near Tiberias, and at 
Debora (an uplifted half-anticline next to the Tabor 
graben). Apart from the producing areas, all the 
graben-block wildcats mentioned are rich in excellent 
and "live oil," or waxy and viscous shows. 

Oil and such other shows are thought to have 
originated by vertical migration from Upper Cre- 
taceous and/or Oligocene-Neogene graben sediments 
sealed by marine or continental Neogene- Quaternary 
cover beds. 

In view of past drilling experience, testing of 
graben structures in coastal and offshore areas, as 
well as in intermountain depressions (Jordan-Dead 
Sea and Tabor-Esdraelon), seems to hold greater 
prospects than anticlinal testing. 

This concept should dominate our line of thought 
in further oil exploration. Yet, recovering of the 
semi-liquid hydrocarbons in the highly fractured 
Jurassic limestone of the anticlines must be con- 
sidered and economical methods worked out. -- Auth. 


1-2096. Mostofi, B., and E. Frei. THE MAIN 
SEDIMENTARY BASINS OF IRAN AND THEIR OIL 
POSSIBILITIES: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. I, Paper 
17, 10P., map, fold, table, 1959, 9 refs., abs. in 
English and French. 


This paper, written in connection with the publica- 
tion of the Geological Map of Iran, at scale 1:2,500,000 
(in press), reviews the main sedimentary basins of 
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the Tertiary and older rocks, in relation to the 
genesis and accumulation of oil. 

Fourteen basins and subbasins, or areas, are 
described: from the Caspian - the Moghan plain, the 
Resht and Mazanderan embayments, and the Gorgan 
plain; NE. Iran - the Sarakhs plain, and Kopet Dagh; 
from NW. Iran - the Khoi, Tabriz-Shahpur, Mianeh, 
and Ardebil basins; from SE. Iran - the Lut, Sistan, 
Jaz Murian, and Makran basins. 

Characteristic sediments, fossils, and main 
stratigraphic breaks are summarized in a strati- 
graphic table which coincides with the principal sedi- 
mentary provinces of Iran. Tertiary deposits are 
treated in detail. A map of nonsedimentary rocks 
and salt plugs indicates the geographical position of 
the basins described. 

In the basins of central and northwestern Iran, 
Oligo-Miocene limestone in suitable structures, 
with evaporites or shales as cover rocks, forms the 
major prospects. In the Caspian area in Makran, 
facies conditions differ fundamentally, and oil accu- 
mulations are expected in clastic horizons of younger 
formations. Oil possibilities of older rocks are 
more briefly discussed. --Auth. 


1-2097. Slinger, F. €. P., and J. G. Crichton. 
THE GEOLOGY AND DEVELOPMENT OF THE 
GACHSARAN FIELD, SOUTHWEST IRAN: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 18, 22 p., 3 maps 

(1 fold.), 4 cross secs. on 3 fold. pls., 6 strat. 
cols., 2 logs, table, 1959, 16 refs., abs. in English 
and French. 


This paper describes the history, stratigraphy, 
structure, and some of the development problems 
of the Gachsaran oil field, which is situated near the 
boundary of the provinces of Khuzestan and Fars in 
southern Iran, and is probably one of the world's 
largest oil fields. 

“The field was discovered in 1928, but until 1956 
was, on account of the relatively heavy and sulfurous 
character of its crude, developed only to a limited 
degree. Shifts in the marketing, demand, and refining 
situation, however, have now led to extensive develop- 
ment. 

Gachsaran is at present the most southeasterly of 
the line of fields in the Khuzestan foothills of the 
Zagros range. As to structure, stratigraphy and 
producing characteristics, the field is of the classic 
Khuzestan type, and has individual well potentials of 
the order of 20,000 to 40,000 b. p.d. from the Asmari 
limestone (Oligocene-Miocene). The latter is folded 
into a very simple pattern of large anticlines and 
synclines, but is overlain by a complicated and dis- 
conformable overburden of Miocene evaporites and 
clastics (the Lower Fars formation); the principal 
development problems are consequently the fore- 
casting of the attitude of the Asmari below the dis- 
conformable cover, and the difficulties entailed in 
drilling through the unstable, mobile, and highly- 
pressured Lower Fars overburden. 

The field, as so far provisionally delineated, is 
130 sq. mi. in area to the oil-water contact, and has 
an Asmari limestone oil column of 7,150 ft. and 2 
small separate gas caps, 

The present production of the field is 60,000 b. p. d. 
of 32° API oil through a 12-in. pipeline to the Bandar 
Ma'shur crude terminal and the Abadan refinery. The 
first stage of the present extensive development calls 
for increase in production capacity to 450,000 b. p.d. , 
to be exported mainly through a new 26/28/30" pipe- 
line, 100 mi. long, terminating on the island of Kharg 
in the Persian Gulf. -- Auth. 
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1- 2098. Williams, M. Dean. STRATIGRAPHY 
OF THE LOWER INDUS BASIN, WEST PAKISTAN: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 19, 15p., 5 
figs. incl. 2 maps, 1959, 8 refs., abs. in English 
and French. 


The lower Indus basin, lying S. of 32°9N., occupies 
about 155,000 sq. mi. of West Pakistan and contains ir 
its deeper parts as much as 38,000 ft. of Jurassic, 
Cretaceous, and Tertiary sediments. The present 
stratigraphic classification follows in general the 
original subdivisions established many years ago by 
the Geological Survey of India, but with refinements 
made in the course of petroleum exploration. 

The oldest sedimentary rocks exposed are Permian 
and Triassic strata of limited occurrence. The Juras 
sic consists mainly of limestone and in the western pat 
of the basin may be divided into 4 formations. The 
Cretaceous is dominantly marine clastic and is divide 
into 6 formations. The lower Tertiary is about half 
carbonate and half clastic, largely marine, and con- 
sists of 5 formations. One marine formation and a 
thick sequence of continental outwash deposits com- 
prise the upper Tertiary. 

Type sections for each formation used in the 
classification are given, along with correlation charts 
showing their relationships to the more important 
past and present nomenclatures of the basin. -- Auth. 


1-2099. Hortig, Francis J. PETROLEUM EX- 
PLORATION OF CALIFORNIA OFFSHORE: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 20, 13p., 8 illus., 
map, 2 secs., 1959, 4refs., abs. in English and 
French. 


Petroleum exploration of the California offshore 
has been conducted actively since the development of 
the first offshore well in 1896. After 1927, explora- 
tion was carried on rapidly by drilling from sub- 
stantial piers, followed in 1932 by a piling-supported 
platform 2,500 ft. (762 m.) offshore. Directional 
drilling, also started in 1932, has been developed to 
a high state, with more than 635 wells drilled from 
onshore surface locations into the offshore. Sub- 
marine seismic surveys supplemented by geological 
(core-drilling) surveys to 9,000 ft. (2,743 m. ) beneatt 
the ocean floor have resulted in the placement of 
mobile marine platforms, filled-land islands, and 
fixed platforms for the drilling of additional wells. 
Drilling has been concentrated in the offshore ex- 
tensions of 2 of the 6 principal sedimentary basins 
lying along the California shore. The southernmost 
3 of these basins constitute 3 of the 4 major oil pro- 
vinces in California. Potential offshore production 
from these basins has been estimated at 4 billion 
barrels (585 million metric tons) - neglecting the 
mechanical complications imposed by extreme depths 
of water. 

The total offshore production from 1921 through 
June 30, 1958, has been 561,747,019 barrels (82,100, - 
000 metric tons) from approximately 8,040 acres (33 
sq. km.) of developed lands. 1,250,000 acres (5,000 
sq. km. ) of offshore area with water depths of less 
than 300 ft. (91 m.) is available for current explora- 
tion. The quantity and nature of this area, together 
with expected technological developments, lead to the 
conclusion that the maximum achievements for the 
California offshore still lie in the future. -- Auth. 


1- 2100. Atwater, Gordon I. GEOLOGY AND 
PETROLEUM DEVELOPMENT OF THE CONTINENT 
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SHELF OF THE GULF OF MEXICO: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 21, 25 p., illus., 12 maps, 3 secs., 

3 graphs, 1959, 12 refs., abs. in English and French. 


The stratigraphic and structural framework of the 
Gulf of Mexico is described, with particular reference 
to that portion of the continental shelf with water 
depths of less than 200 ft., which is considered the 
limit of economic accessibility for petroleum ex- 
ploration. This limit encompasses 96,000 sq. mi. 
(24,900,000 hectares) bordering the coast of the 
United States and 56,000 sq. mi. (14,500,000 hectares) 
bordering the coast of Mexico. Of the total shelf 
area, only the 20,000-sq. mi. area (5,200,000 hectares) 
off the coast of Louisiana has up to now provided 
economic success as the result of offshore explora- 
tion. 

A cross section from N. of Baton Rouge, Louisiana, 
to Merida, Yucatan, shows the Tertiary Gulf Coast 
geosyncline, as constructed from data now available. 
Maps of the Gulf of Mexico are presented showing the 
extent of the Mesozoic, early Tertiary, late Tertiary, 
and Quaternary sediments that are considered proved 
or prospective for petroleum exploration on the con- 
tinental shelf within the 200-ft. water depth limit. 

The oil and gas development of the continental shelf 
bordering the Louisiana and Texas coasts is described, 
and a map showing the distribution of the offshore 
structures that have been drilled or leased to date is 
presented. As of July 1, 1958, 86 fields have been 
found by the testing of 123 prospects off the coast of 
Louisiana, and approximately 2.5 billion barrels of 
oil and 9 trillion cu. ft. of gas have been outlined by 
the successful completion of 1,302 wells out of a total 
of 1,896 tests. The reserves established by a total 
of 133 wells drilled off the Texas coast are negligible. 
While 162 offshore prospects have been tested in the 
whole area, these represent only about 50% of the 
structures indicated by geophysical data. 

As examples of offshore deep-seated salt dome 
fields, structure maps are presented for the Block 
110 field, West Cameron area, and the Block 39 
(Rollover) field, Vermilion area, Louisiana. A 
structure map and cross section of the Block 126 
field, Eugene Island area, Louisiana, are given as 
typifying the shallow piercement salt dome fields. 

The occurrence of the S deposit on the Block 18 dome, 
Grand Isle area, Louisiana, where operations for 
mining are now under way, is illustrated. -- Auth. 


1-2101. Johnston, John E., James Trumbull, and 
Gordon P. Eaton. THE PETROLEUM POTENTIAL 
“OF THE EMERGED AND SUBMERGED ATLANTIC 
COASTAL PLAIN OF THE UNITED STATES: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 22, 8p., 3 maps Q 
fold.), sec., 1959, 6 refs., abs. in English and 
French. 


Increasing geological and geophysical informa- 
tion about the Atlantic continental shelf of the 
United States is changing the basis for judging the 
area's petroleum potential. No nation can afford 
to overlook an area that overlies 175, 000 cu. mi. 
(730, 000 km. 3) of possibly petroliferous sediments 
(including the emerged coastal plain), though the 
first barrel of oil is yet to be produced. 

Seismic and magnetic surveys indicate that the 
basement is deeper and more irregular than pre- 
viously supposed and that a basement ridge may 
separate the shelf sediments into 2 major elongate 
basins parallel to the shelf edge, thus forming 
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possible entrapping structures and possibly re- 
stricted depositional basins. Lower Paleozoic clas- 
tic rocks found in the subsurface of Georgia and 
Florida, and which may occur elsewhere in down- 
faulted basins, could be source beds and reservoir 
rocks for oil and gas over wide areas. Lower 
Cretaceous, Upper Jurassic (?), and Triassic sedi- 
mentary rocks recognized in some wells must 
wedge out updip, and numerous unconformities 
probably occur. The marine sediments were pre- 
sumably deposited in or close to shelf areas that 
possibly contain reefs and are partially bordered 
by known granite washes; thus both source and 
reservoir rocks are probably present. 

It can be expected that petroleum will eventually 
be discovered beneath the continental shelf and 
perhaps the emerged coastal plain, but it will not 
be discovered (economic factors aside) until geolo- 
gists have projected paleogeographic settings into 
the sediments beneath the shelf from the data ob- 
tained through onshore and submarine geology, 
drilling, and geophysics. --Auth. 


1-2102. Levorsen, A. I. OUTLOOK FOR PETRO- 
LEUM EXPLORATION: World Petroleum Congress, 
5th, New York City, 1959, Tech. Papers, Sec. I, 
Paper 23, llp., 2 maps, chart, 1959, 12 refs., abs. 
in English and French. 


The future of petroleum exploration is considered 
under 3 main headings, 1) technology, 2) concepts 
and principles, and 3) exploration climate. 

The future trend in technology will be chiefly an 
extension of current methods; these have proved so 
far to be adequate to supply world-wide petroleum 
needs. The particular technologies that offer the 
most promise of future usefulness center around 
such problems as a) better correlations, b) more 
and better data on underground fluid conditions, 

c) more drilling for chiefly stratigraphic reasons, 
and d) better oil and gas identification in wildcat 
wells. 

New concepts and theories will probably develop 
in the general direction of a) better understanding 
of geologic history, b) more appreciation of the 
geology of fluids, c) increased emphasis on the 
elements that form stratigraphic traps, and d) 
better correlation between geology and geophysics. 

The incentives to explore are chiefly determined 
by the political and economic climate that prevails. 
Some of the factors that affect incentives are the 
relation of actual or anticipated supply to demand, 
whether exploration is by monopolistic or com- 
petitive methods, and the many political activities 
that restrict the vigor of the exploration effort. 

As the world's political and economic problems 
become more complex, the solutions that are ar- 
rived at may well overshadow all other factors in the 
way in which future petroleum exploration is 

carried out. -- Auth. 


1-2103. Kuendig, E. EU-GEOSYNC LINES 

AS POTENTIAL OIL HABITATS: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 25, 13 p., 5 secs. (1 fold.) table, 1959, 
31 refs., abs. in English and French. 


This article attempts to coordinate the various 
aspects of the development of a geosyncline, the 
general definition of which is based, in this article, 
mainly of orogenic rather than on sedimentological 
features. Mio- and eugeosynclines are distinguished. 

Geosynclinal sedimentary environments may be 
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grouped as follows: A. the miogeosynclinal en- 
vironment comprising: a) the carbonate platform 
association, b) the clastic shelf association, 

c) the mixed shelf association; B. the slope en- 
vironment: a prominent, persistently highly mobile, 
structural zone forming, as a rule, marked sub- 
marine scarps; the mobility prevents an undisturbed 
accumulation of sediments and both gravity gliding 
and turbidity currents occur with great frequency 
here; C. the eugeosynclinal environment compris- 
ing 2 main assemblages: a) the perennial group con- 
sisting mainly of shales, red clays, oozes, lime- 
stones and cherts; b) the catastrophic group which 
is generally accumulated by gravity glides and 
turbidity currents. Most of the flysch and probably 
also graywacke associations may be included here. 
However, the distribution and thickness pattern of 
sediments in a eugeosyncline are, in our opinion, 
only of secondary diagnostic value, the magmatic 
content and effects directly related to the subcrustal 
development of the mega-unit being fundamentally 
much more characteristic. 

The most representative feature of a eugeosyn- 
clinal belt is the presence of considerably differenti- 
ated basic and ultrabasic igneous rocks, the so- 
called ophiolites. These occur mainly along the 
hinge zones and may, like the sediments, glide into 
the eugeosyncline in the form of olisthostromes. 
Thus the complicated structures that often accom- 
pany such olisthostromes must be considered partly 
to have been caused by this gliding rather than by 
regional deformation, 

Most of the world's oil reserves occur in shelf 
sediments and it would seem, on circumstantial 


evidence, that eugeosynclines have but few prospects. 


However, exploration is only rarely carried into the 
highly disturbed belts of the eugeosynclines, and 
there exist a number of specific cases where more 
investigation is needed. --Auth. 


1-2104. Borger, H. D., andE. F. Lenert. THE 
GEOLOGY AND DEVELOPMENT OF THE BOLIVAR 
COASTAL FIELD AT MARACAIBO, VENEZUELA: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 26, l5p., 5 
maps, 2 cross secs., log, 2 graphs, table, 1959, 

3 refs., abs. in English and French. 


The Bolivar coastal field, located in the Maracai- 
bo basin of western Venezuela, is one of the world's 
largest oil fields. During June 1958, the field pro- 
duced at an average rate of 1, 403, 941 barrels of 
oil per day. At the end of 1957, the accumulated 
production was 6. 3 billion barrels, and the remain- 
ing reserves were estimated in the order of 11. 1 
billion barrels. Although exploratory and develop- 
ment drilling had been continuous for 45 years, 
productive limits have not yet been defined in all 
directions. 

The Bolivar coastal field was discovered in 1917 
by Shell's wildcat R-2, which resulted in a producer 
from the Miocene sands. For 2 decades development 
was confined to Miocene sands; prolific Eocene pro- 
duction was not discovered until 1939. Some Paleo- 
cene and upper Cretaceous production has been es- 
tablished, but, to date, is of little importance. 

Geologically, the field is on the northeastern 
rim of the Maracaibo basin, a structural and topo- 
graphic depression bounded by several ranges of 
the Andean mountain system. The sedimentary 
section is composed of Cretaceous through Recent 
sandstones, sands, limestones, shales, clays, and 
alluvium. The Eocene Trujillo and Misoa forma- 
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tions and the Miocene La Rosa and Lagunillas forma- 
tions contain the principal producing sections. 

Structure in the Miocene is fairly simple and 
essentially monoclinal, with dips of 2 - 10° which 
reflect the attitude of the underlying post-Eocene 
erosional surface. The Eocene and older structure 
is very complex. Innumerable normal, high-angle 
faults exist. Two N. -trending faulted anticlines 
are also prominent and important structural features 
in this older section. 

Accumulation of oil in the Miocene is largely 
controlled by stratigraphic traps. In the underlying 
Eocene beds, the accumulations are both strati- 
graphic and structural. The oil is asphalt base and 
ranges in gravity from 12. 2 to 44. 5° API. Reservoir 
drive mechanisms are dissolved gas, gravity segre- 
gation, and subsidence. 

By year-end 1957, a total of 8,945 wells had been 
drilled in the field. Of this number, 50 were sus- 
pended, 8,714 were completed as oil producers, 

6 as gas wells, and 175 as dry holes. Twenty- 
seven rigs are currently active. --Auth. 


1-2105. Peterson, James A. PETROLEUM GEOL- 
OGY OF THE FOUR CORNERS AREA: World Petrol- 
eum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. I, Paper 27, 23 p., 2 illus., 6 maps, 
cross sec., chart, 1959, 51 refs., abs. in English 
and French. 


Major accumulations of oil and gas in the Four 
Corners area (at the junction of Utah, Colorado, 

New Mexico, and Arizona) occur in carbonates of 
Middle Pennsylvanian (Des Moines) age in the Paradox 
basin and in sandstone reservoirs of Upper Cretaceous 
age in the San Juan basin. 

Pennsylvanian reservoir rocks are bioherms or 
biostromal banks associated with cyclic deposits of 
platform or shelf carbonates that grade basinward 
into thick deposits of salt and anhydrite. The cycles 
are separated by relatively thin widespread 
sapropelic shales which probably serve as petroleum 
source rocks. Estimated total_reserves of over 
200, 000, 000 barrels of 40°-45° gravity oil were dis- 
covered in the Paradox basin during the 2-year period 
following discovery of the Desert Creek field in 1954. 
Most of the fields are situated on anticlines or small 
irregular domes, but several stratigraphic accumula- 
tions have also been found. An area of about 1, 000 
sq. mi. immediately adjacent to the major fields has 
been intensively explored to date. 

Major deposits of oil and gas in the San Juan basin 
are found in discontinuous sand bodies associated 
with a thick section of marine gray shale of middle 
Cretaceous age. Most of these accumulations are 
stratigraphic, and although about 400 wildcat wells 
have penetrated the Cretaceous section, much 
drilling remains to be done before the entire basinal 
area of over 15, 000 sq. mi. has been adequately ex- 
plored. An extensive and relatively shallow synclinal 
gas accumulation is also present in late Cretaceous 
blanket sand deposits in a 3, 500-well field embracing 
over one million acres in the central portion of the 
basin. -- Auth. 


1- 2106. Mirchink, M. F., A. A. Trofimuk, and 
K. R. Chepikov. SPECIFIC FEATURES OF THE 
GEOLOGICAL STRUCTURE OF PLATFORM RE- 
GIONS IN THE SOVIET UNION IN RELATION TO 
THEIR OIL AND GAS SATURATION: World Petro- 
leum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. 1, Paper 28, 14 p., 3 maps, 1959 

13 refs., abs. in English and French. . 
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Large structural elements of the highest order 
are developed extensively in the U.S.S.R. In 
addition to complex folded structures of geosynclinal 
regions, platforms are quite common. The Russian 
and E. Siberian platforms belong to the ancient ones. 
The Fore-Caucasian, Kara Kum and W. Siberian 
platforms belong to the younger Epi-Hercynian ones. 

Lack of correspondence between the structural 
plans of the different sets of deposits is character- 
istic of platforms. An important feature of platform 
structures is their conjugated nature, i.e., the 
undulatory character of their structure; but their 
geotectonic development was due not only to undula- 
tory-oscillating movements, but alsoto breaks and 
movements in the foundation. The concept of tec- 
tonic passivity of platforms does not correspond to 
the facts. An important part in the dislocation of 
regional zones of oil and gas saturation is played by 
the large structural elements of platforms, viz. , 
arches and hollows. 

Four large oil- and gas-bearing regions are 
prominent in the Russian platform: the Volga-Urals, 
the Tyman-Pechora, the Peri-Caspian, and the 
Dnieper-Don. The Volga-Urals region is the most 
investigated of the platform regions in the Soviet 
Union and has the largest oil reserves. Oil in the 
Tyman-Pechora region occurs in Devonian deposits. 
All the oil deposits known in the Peri-Caspian 
depression are related to salt-dome structures. 

The sedimentary hood of the E. Siberian platform 
includes deposits ranging in age from Sinian to 
Tertiary. --Auth. 


1- 2107. Evrard, Pierre, and Arie van Weelden. 
LES RECHERCHES GEOPHYSIQUES DANS LA 
CUVETTE CONGOLAISE ET LEUR INTERPRETA- 
TION (CONGO BELGE) [GEOPHYSICAL INVESTI- 
GATIONS IN THE CONGO BASIN AND THEIR INTER- 
PRETATION (BELGIAN CONGO)]: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 29, llp., 5 maps, 1959, 9 refs., text 
in French, abs. in English and French. 


The paper describes the geological studies and 
geophysical work done since 1952 in the central basin 
of the Belgian Congo for the "Syndicat pour l'étude 
géologique et miniére de la Cuvette congolaise. f4,In 
the first part, the general problem is reviewed as 
it presented itself at the start of exploration. The 
second part explains the reasons which led to the 
choice of the methods used. The working conditions 
in this tremendous area were often very difficult 
and affected this choice. The third part describes 
an attempted interpretation based on the results of 
the various methods. The geophysical methods used 
were gravimetric and terrestrial magnetic surveys, 
seismic refraction and reflection shooting. --Auth. 


1-2108. Pegand, G., and D. Reyre. LES CHAMPS 
DE PETROLE DE L'AFRIQUE EQUATORIALE 
FRANCAISE [THE OIL FIELDS OF FRENCH EQUA- 
TORIAL AFRICA]: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. 1, Paper 
30, 21 p., 7 maps, 12 cross secs., 2 logs, 2 graphs, 
2 tables, 1959, text in French, abs. in English and 
French. 


Middle-sized oil fields have been found in French 
Equatorial Africa since 1956. They are related, in 
various ways, to the occurrence of a saliferous se- 
ries of Aptian age. This series may either act as 
the roof of the pool, as it does in the middle Congo, 
or give rise, as in Gabon, to a province of salt domes 
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very different in type from those of the Gulf Coast. 
The reservoirs, which occur at different levels of 
a thick series ranging from the Lower Cretaceous 
to Miocene are lithologically diverse: limestones, 
sands, silicified shales with fractures. They are 
quite discontinuous and their distribution, in Gabon, 
seems to have been controlled by the geological 
history of each structure. Oil accumulation could 
have occurred closely after the formation of traps. 
Whereas the basic features of some of these 
reservoirs are standard, it is not so with the reser- 
voirs of the Eocene fields in Gabon. There are some 
puzzling questions about the Eocene fractured silici- 
fied shales with respect to the evaluation of reserves 
and the best production rate of oil. Some difficulties 
have also been encountered in this regard, with 
respect to the lenticular Cretaceous reservoirs, 
especially in Pointe Clairette field. --Auth. 


1-2109. Carrigy, M. A. THE SIGNIFICANCE OF 
A GRAIN SIZE CLASSIFICATION OF THE SANDS OF 
THE McMURRAY FORMATION, ALBERTA: World 
Petroleum Congress, 5th, New York City, 1959, 
Tech. Papers, Sec. I, Paper 31, 14p., 6 maps, 
sec., 4graphs, table, 1959, 39 refs., abs. in 
English and French, 


The oil sands of the McMurray formation are 
divided into 3 classes on the basis of sieve analyses 
and outcrop examination. 

Class I. Coarse-medium sands, with a maximum 
grain size greater than 1 mm., a median diameter 
not less than 0.13 mm., and more than 80% by weight 
of the sample greater than 0.074 mm. in size. 

Class Il. Fine-very fine sands, with a maximum 
size less than 0.3 mm., a median diameter between 
0.18 and 0.09 mm., and more than 80 of the total 
weight of sample greater than 0.074 mm. in size. 

Class Ill. Very fine sands and silts, with a 
maximum size less than 0.3 mm., a median dia- 
meter less than 0.12 mm., and less than 80% of the 
total weight greater than 0.074 mm. in size. 

The deposits of Class I consist of massive and 
cross-bedded sands and conglomerates, found at the 
base of the formation. Their high permeability has 
allowed enrichment by oil due to secondary migra- 
tion and in some cases leaching of all oil. 

The deposits of Class II are clean massive oil 
sands with good oil impregnation and are little 
altered by secondary migration. They are commonly 
found in the middle of the formation. 

The deposits of Class III are the horizontally 
laminated shaly sands found in the upper section of 
the formation. Because of their low permeability 
oil impregnation is poor. 

The potential usefulness of the classification is 
illustrated by mapping the distribution of the sands 
of Class I of the McMurray formation in the sub- 
surface near Fort Mackay and by discussing the 
relationship of the coarse sands to the oil impregna- 
tion in that area. The sediments of the McMurray 
formation were deposited in fluvial, lacustrine, 
paludal, and lagoonal environments. -- Auth. 


1-2110. Koch, Edwin, GEOLOGY OF THE MAQUIA 
OILFIELD IN EASTERN PERU AND ITS REGIONAL 
SETTING: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 32, 
10 p., 4 maps, 3 secs., 1959, 4refs., abs. in 
English and French. 


In March 1957, the wildcat well Maquia 1, 
located NE. of Contamana, Eastern Peru, struck 
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oil in the Upper Cretaceous Sugar sandstone. It 
was drilled by a Peruvian-German syndicate com- 
prised of Cfa. Peruana de Petrdleo "El Oriente, " 
Deutsche Erdoel Aktiengesellschaft - Gewerkschaft 
Elwerath - Wintershall Aktiengesellschaft. Up to 
Apr. 1958, a total of 7 producer wells had been 
drilled. Production has not been started. 

The discovery well was located by photogeologic 
and field surveys on an oval-shaped anticline 7 km. 
long, which is part of a long range of anticlines 
that can be followed for about 85 km. This major 
feature is separated from the Contamana structures 
on the E. by a synclinal zone. Toward the W. there 
is a broad monoclinal band of steeper dipping beds 
which disappear under the cover of unfolded younger 
sediments. 

The stratigraphic sequence is composed of the 
following formations: 1) continental red beds, 
ranging from uppermost Cretaceous to Miocene, 
with a brackish-marine intercalation of probable 
Oligocene age; 2) Cretaceous formations in facies 
similar to the previously described sections of the 
Ucayali basin; but containing 2 prominent sand 
layers within the Sugar sandstone: a sand in the 
marine Chonta (Coniacien) formation and a sand to 
shaly sand unit which is equivalent to the marine 
Esperanza shale of the "Agua Caliente" (Turonian- 
Neocomian). The Cretaceous transgresses over 
Permo-Carboniferous(?) in Maquia and over the 
Ordovician farther to the E. -- Auth. 


1-2111. Godin, Yu. N., M.K. Polshkov, L. A. 
Ryabinkin, V. V. Fedynsky, and E. E. Fotiadi. 
PROGRESS IN GEOPHYSICAL METHODS FOR 


PROSPECTING FOR OIL AND GAS IN THE U.S.S.R.: 


World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 33, 22p., 15 
figs. incl. maps, cross secs., profiles, graphs, 


2 tables, 1959, 40 refs., abs. in English and French. 


During the years 1955-1958, the number of geo- 
physical crews exploring for oil in the U.S.S.R. in- 
creased 1.8 fold. This includes a 1. 9-fold increase 
in the number of seismic crews. Most of the geo- 
physical work was conducted in the Caucasus, the 
Ukraine, in the eastern regions of the European 
part of the U.S.S.R., Siberia, and Central Asia. 

Among the new geophysical instruments pro- 
duced and used during recent years are: the 
nuclear-resonance magnetometer, the gravity 
gradiometer, the damped marine gravity meter, 
apparatus for the study of telluric currents, port- 
able 24-channel seismic stations, apparatus for 
river and marine seismic prospecting, instruments 


for controlled directional reception of seismic waves. 


At the present time, regional geophysical investi- 
gations, used as a guide for further detailed 
studies, are conducted with a combination of 
gravity and magnetic mapping and deep seismic 
soundings of the basic layers of the earth's crust, 
including the Mohorovicic surface. Such investi- 
gations were conducted in Central Asia, the Ukraine, 
the Russian platform, the Caspian Sea, the Pacific 
Ocean, and in other regions, and in each case they 
yielded important results. For one thing it has 
been established that the petroleum deposits of the 
Russian platform are associated with uplifts in the 
crystalline basement and their steep slopes. 
Reflection seismic prospecting remained the 
principal method of search for petroliferous 
structures and has resulted in the discovery of im- 
portant oil and gas fields. However, it is still 
very difficult to apply the seismic method in de- 
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tailed exploration of very gently dipping structures 
in the platform region. Radiometric and other 
geophysical methods have been tried for the direct 
detection of oil and gas deposits from the surface. 
No definite results were obtained, although there 
are some grounds for continuing such experiments. 
-- Auth. 


1-2112. O'Brien, P. N. S. THE USE OF AMPLI- 
TUDE AND FREQUENCY IN EXPLORATION SEIS- 
MOLOGY: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 34, 
16p., 15figs., 4tables, 1959, 28 refs., abs. in 
English and French. 


Measurements on the amplitude and pulse shape 
of seismic events are not usually made. In refrac- 
tion work it is easy to do this, and as magnetic re- 
corders increase in dynamic range it should soon be 
possible with reflection records. This paper dis- 
cusses the disturbing effects of variations in the 
source, the instruments, and the geophone plant. 

It is concluded that, whereas they have no serious 
effect on the seismic wave form, they cause a large 
amount of unwanted scatter in the amplitudes. Never- 
theless, amplitudes give more information to the 
frequencies. 

Results are given for measurements on waves 
from refractors which are thick, thin, and anticlinal. 
For thick, flat-lying refractors the residual attenu- 
ation after allowing for the geometrical spread of 
energy is consistent with it being due mainly to 
absorption. For sedimentary refractors the residual 
attenuation is nearly 1. 0 db/wave length for the 
predominant wave lengths, whereas for a metamor- 
phic and 2 igneous refractors it is about 0. 1 db/wave 
length, or less. Practically no frequency variation 
was observed, and this is not consistent with the 
residual attenuation depending upon frequency to any 
power higher than one. 

As the thickness gets less than about one-third of 
a wave length the residual attenuation increases 
rapidly. This provides a useful method for deter- 
mining whether or not the refracted arrivals come 
from a thin stringer. It should be possible eventual- 
ly to determine the thickness of a layer by making 
amplitude and frequency measurements on the re- 
fracted arrival. 

When shooting over an anticline the refracted 
arrivals attenuate at an increased rate on the side 
of the crest closer to the shot point and at a lesser 
rate on the opposite side. 

Guided waves are mentioned and it is suggested 
that they may be used to obtain the time correction 
for the low velocity layers when doing long distance 
refraction work. --Auth. 


1-2113. Doll, H.G., Maurice Martin, and Maurice 
Pierre Tixier. REVIEW OF THE PROGRESS OF 
WELL LOGGING SINCE THE 4TH WORLD PETRO- 
LEUM CONGRESS: World Petroleum Congress, 

Sth, New York City, 1959, Tech. Papers, Sec. I, 
Paper 35, 20p., 2 diags., 8 logs, 1959, 81 refs. , 
abs. in English and French. 


Important research and development work has 
been carried out during the past 4 years in all 
branches of well logging, and much progress has 
been achieved. 

1. The Induction-Electrical Log (a combination 
of SP, 16"" Normal and 5FF40 Induction Log) has been 
introduced as a commercial tool for logging in fresh 
mud. The present standard Induction Log is being 
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improved to permit deeper radial investigation. The 
Laterolog has been remodeled to be run simultane- 
ously with the Induction Log. The Proximity Log, a 
new tool for recording the resistivity of formations 
close to the wall of the hole, has been designed. 

2. The interpretation of the Electrical Log has 
been refined by means of mathematical and labora- 
tory studies and field log analyses. 

3. The methods of gamma ray and neutron logging 
have been improved by the development of better 
tools, by the use of more accurate calibration pro- 
cedures, and of interpretation charts based on 
laboratory determinations. A new tool, the Density 
(Gamma-Gamma) Log, has proved promising for the 
evaluation of porosity. Active research and testing 
have been carried out on gamma ray spectral analy- 
sis and artificial neutron generation in boreholes. 

4. The Short Interval Sound Velocity Log has 
become a standard tool. It has proved its outstand- 
ing value for correlation, for porosity determinations 
and for the interpretation of seismic surveys. 

5. Combination tools, whereby 2 or more opera- 
tions can be performed in one single run in the hole, 
have been made available: Induction-Electrical Log; 
combination of Sonic Log and Gamma-Ray or SP logs; 
combination of Laterolog, Gamma Ray and Neutron 
Log; Gamma Ray-Perforator. 

6. Progress in mud logging has been marked by 
improvements of the hot wire technique, and the 
use of mass spectrometry, infra-red spectrometry 
and gas chromatography. 

7. Widespread application has been made of the 
Formation Tester, a new tool operating on logging 
cable for the recovery of formation fluids from the 
wall of the hole. 

8. Attempts have been made to use the modern 
electronic computers as an aid in the interpretation 
of log data. --Auth. 


1- 2114. Sokolov, V. A., F. A. Alexeyev, 

E. A. Bars, A. A. Geodekyan, G. A. Mogilevskiy, 
Yu. M. Yurovskiy, and Y. P. Yasenev. INVESTIGA- 
TIONS INTO DIRECT OIL DETECTION METHODS: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 36, 16 p., 10 
figs. incl. secs., logs, diags., profiles, graphs, 
1959, 28 refs., abs. in English and French. 


The report gives the results of comprehensive 
researches carried out during recent-years in the 
U.S. S.R. on the development and application of geo- 
chemical, biochemical, and radiometric methods 
of prospecting and exploring oil and gas fields. 

The direct geochemical indications of oil and gas 
considered are: natural oil gases, bitumens, bac- 
teria-assimilating migrating hydrocarbons and other 
indications due to the effect of migrating gases on the 
surroundings, as well as organic substances of crude 
oil origin dissolved in underground waters. 

Extensive research on gaseous, bacterial, and 
other geochemical anomalies under various geologi- 
cal conditions (geosynclinal areas both of the plat- 
form and the transitional type) revealed the relation- 
ships of distribution of geochemical anomalies at 
various stratigraphic levels of sections and their 
relation to the deep sources of migration. The data 
on the forms of gaseous and bacterial anomalies and 
on the conditions of their formation are generalized. 

Results are given of practical work involving the 
use of gaseous and microbiological surveying, gas 
logging, and other methods of exploration. , 

Analysis of the effectiveness of direct oil and gas 
detecting methods shows that under favorable geo- 
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logical and geochemical conditions the proportion of 
correct predictions is as high as 70%. For more 
extensive practical application of direct methods in 
oil and gas prospecting it is recommended: 1) to 
select objects of investigation more carefully; 2) to 
increase the depth of sampling in platform districts; 
3) to make extensive use of structural exploratory 
and seismic wells for gasometric surveying; and 4) 
in new regions to carry out in the reconnoitering 
stage primarily regional gas microbiological and 
other investigations on soils and underground waters 
of the upper sedimentary layer. 

Gas logging techniques involving the use of chro- 
matographic analysis are described. Direct methods 
deserve wider applications in prospecting for oil and 
gas deposits, especially in new regions; further re- 
search is needed to improve these methods. --Auth. 


1- 2115. Kulp, J. Laurence. ABSOLUTE AGE 
DETERMINATION OF SEDIMENTARY ROCKS: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. 1, Paper 37, llp., 3 
tables, 1959, 29 refs., abs. in English and French. 


The present status of the U-Pb, K-Ar, and Rb-Sr 
methods of absolute age determination is reviewed. 
It is concluded that any of these methods can give 
dates that are accurate to at least 5% under suitable 
conditions. Relative ages to 1% are possible. The 
U-Pb method is limited by the rare occurrence of 
sedimentary phases with a sufficiently high U to 
common Pb ratio. It provides an important inde- 
pendent control in some cases. It may also be used 
to determine the age of rocks contributing the sedi- 
mentary material. The Rb-Sr method appears most 
applicable to glauconite. It is limited in post-Cam- 
brian times to phases with a high Rb to common Sr 
ratio. 

The most useful age method of sedimentary rock 
would appear to be that based on the decay of K-40. 
Age measurements may be possible not only on 
glauconite but many types of shales that contain 
largely authigenic K minerals. Basaltic intrusions 
intercalated in the sedimentary column also appear 
promising. This method is sufficiently sensitive so 
that, inprinciple, ages may be determined down into the 
range of the C-14 method, i.e., 50, 000 years ago. 

The available quantitative age measurements on 
sedimentary rocks are presented and, with certain 
other data, used to infer a new geological time scale. 
It now appears that the so-called Holmes scale which 
has been widely used in the last 2 decades is quite 
incorrect. Beginning with the Paleozoic, the scale 
must be stretched by at least 100 million years. 

The uppermost Cambrian must be at least 520 
million years, and the Carboniferous- Devonian 
boundary at least 320 million years. 

An attempt is made to indicate the likely develop- 
ments of these methods and the types of problems in 
petroleum geology to which they may be most applica- 
ble. --Auth. 


1-2116. Ortynski, I., A. Perrodon, and C. de 
Lapparent. ESQUISSE PALEOGEOGRAPHIQUE ET 
STRUCTURALE DES BASSINS DU SAHARA SEP- 
TENTRIONAL [PALEOGEOGRAPHICAL AND STRUC- 
TURAL OUTLINE OF THE BASINS OF THE NORTH- 
ERN SAHARA]: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 38, 
llp., 8 fold, maps, 1959, 8 refs, text in French, 
abs. in English and French. 


The work carried out jointly by C.F. P. A. and 
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S.N. REPAL from 1952 to 1958 over their northern 
Saharian concessions reveals the existence of 
Paleozoic and Mesozoic sedimentary basins which 
are completely masked by recent deposits and also 
brings out main structural and paleogeographical 
features of these basins. 

The western region is characterized by a 
Siluro-Devonian basin. Secondary basins with an 
important salt series cover the eastern region. 
Between these two, a high central region seems to 
have remained stable throughout the Primary and 
Secondary. 

The paleographical outline map of these different 
basins brings out 2 important structural trends on 
which are situated the Hassi er Rmel and the Hassi 
Messaoud fields. The former corresponds with the 
Tilrhemt arch which occupies the highest part of 
the central region. The trap here is a pinch out in 
the Triassic sand reservoir, resting on a large dome. 
The Hassi Messaoud pool is a very flat anticline in 
Cambro-Ordovician sandstone situated on a high 
NNE. -SSW. regional axis which is evident in the 
sedimentary features up to the beginning of the 
Upper Cretaceous. 

In both cases the unconformity separating the 
Primary from the Secondary has played an import- 
ant part in the constitution of the reservoir either 
by the formation of transgressive detrital beds or 
the amelioration of the reservoir characteristics of 
the sandstone by the pre-Triassic erosion. In both 
fields a thick Triassic salt series provides an 
excellent cover. -- Auth. 


11-2117. Bouchon, R. P., I. Ortynski, C. de 
Lapparent, andG. Pommier. LE DEVELOPPEMENT 
DE LA SISMIQUE REFRACTION DANS L'INTERPRE- 
TATION GEOLOGIQUE DU SAHARA NORD - SON 
ROLE DANS LA DECOUVERTE ET L'ETUDE DU 
CHAMP D'HASSI MESSAOUD [THE DEVELOPMENT 
OF SEISMIC REFRACTION IN THE GEOLOGIC IN- 
TERPRETATION OF NORTH SAHARA - ITS ROLE 
IN THE DISCOVERY AND THE STUDY OF THE HASSI 
MESSAOUD FIELD]: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. I, Paper 
39, 16 p., 5 maps, 3 profiles, 4 graphs, 1959, 4 
refs., text in French, abs. in English and French. 


The refraction seismic method for the surveying 
of northern Sahara was decided upon because of 
difficulties encountered in interpreting the gravimet- 
ric map and because of insufficient depth of investi- 
gation obtained by the reflection method. 

During the first stage, when all geological infor- 
mation was lacking, it appeared that the refraction 
method could indicate the shape of the basement 
and the limits of the different basins. A set of re- 
fraction profiles, seemed to be able to furnish a 
good general reconnaissance map. 

As drilling progressed, more precise details 
became known about the stratigraphy of the area. 
Standard and continuous velocity logs and aniso- 
tropy measurements made it possible to identify 
the seismic markers stratigraphically. Under these 
conditions, the refraction seismic method supplied 
information concerning not only the forms but also 
the nature of the different markers. Statistics show- 
ing the importance of the refraction seismic opera- 
tions carried out by "Compagnie Générale de Géo- 
physique, "' are given. --Auth. 


1-2118. Michel, Pierre, Paul Claracq, Etienne 
Lauriol, Jean Paul Verrien, Guy Couraud, and 
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Gisele Aufrere. LES PROBLEMES PETROLIERS 
PALEOZOIQUES DE LA BORDURE NORD DU HOG- 
GAR [THE PROBLEMS OF PALEOZOIC PETROLE~ 
UM FROM THE NORTH BORDER OF HOGGAR]: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 40, 37p., 20 
maps, 6 secs., 2 logs, 2 graphs, 1959, text in 
French , abs. in English and French. 


The few details known about the northern border 
of the Hoggar in 1952 made it possible to assume that 
this area had the general characteristics of an oil 
bearing province. Since that time a systematic 
exploration, using successively aerial photogeology, 
surface geology and different geophysical methods, 
has been carried out. 

The first wells resulted in the discovery of the 
first Saharan gas field in 1954 (Berga) and in 1956 
of the first Saharan oil field (Edjeleh). A brief 
summary of the geology of the area particularly 
with respect to the oil possibilities, and an outline 
of the obtained results are given. 

Two separate areas can be distinguished: 1) In 
the East: the Fort Polignac basin, where commercial 
oil fields (Edjeleh, Zarzaitine and Tiguentourine) 
are located and where oil shows in wells justify some 
optimism about future paying production; 2) The 
western group of basins (Azzel Matti, Ahnet, and 
Mouydir) where a certain number of gas-bearing 
structures are located (Berga, Bahar el Hammar, 

En Bazzene, In Salah, Djaret etc. ). 

Through systematization and standardization of 
the methods of data processing, using well logs, 
core, and reservoir fluid analyses, and the applica- 
tion of the principles of fluid mechanics, an estima- 
tion of the value of the discoveries was rapidly made. 
In this way, the data from 12 wells on the Edjeleh 
structure were sufficient to establish the possible 
recovery at about 30 million tons. --Auth. 


1-2119. Garland, G.D., and Margaret E. Bower. 
INTERPRETATION OF AEROMAGNETIC ANOMA+ 
LIES IN NORTHEASTERN ALBERTA: World Petro- 
leum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. I, Paper 42, 13 p., 6 maps, 1959, 12 
refs., abs. in English and French. 


An aeromagnetic map, compiled from sheets 
published by the Geological Survey of Canada, is 
presented for an area of some 40,000 sq. mi. in 
northeastern Alberta. The area overlaps the ex- 
posed Precambrian shield, but for the most part is 
situated in the western Canadian sedimentary basin. 
A separation of the magnetic anomalies into regional 
and local effects is made by fitting a third-order sur- 
face to the observations. Estimates of depth to the 
Precambrian basement beneath the sedimentary 
rocks are made from the local anomalies. In 
general, these estimates agree with the known 
depth to the Precambrian where it has been reached 
in wells. Between the wells, they provide more in- 
formation on the character and topography of the 
Precambrian surface. 

Both regional and local trends are interpreted in 
terms of variations in basement lithology. By re- 
ference to properties of Precambrian samples from 
wells, and to aeromagnetic observations over the ex- 
posed shield, the positive magnetic effects are in- 
terpreted to represent bands of volcanic and meta- 
sedimentary rocks in a background of granite or 
granitic gneiss. Faulting in the Precambrian rocks 
is suggested by offsets or truncations in these bands, 
and two systems of important faults can be traced 
beneath the area. The relation between these Pre- 
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cambrian structures and petroleum exploration is 
indirect, but in the case of at least 2 types of 
petroleum accumulation the basement structure and 
lithology could be important. The area includes the 
McMurray tar sands, which may be the result of oil 
migration from sources lower in the sedimentary 
column along faults or other fractures, and the 
latter may parallel Precambrian trends. The 
second application is in exploration for the 

“granite wash" type of reservoir just above the 
basement surface. The localization of these de- 
trital reservoirs is probably controlled by both 
Precambrian lithology and structure. -- Auth. 


1-2120. Lomnitz, C. GRAVITY MEASUREMENTS 


IN THE CENTRAL VALLEY OF CHILE: World Petro- 


leum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec.I, Paper 43, 13 p., 4 maps (1 fold.), 
3 profiles (1 fold.), 3 tabies, 1959, 6 refs., abs. in 
English and French. 


Gravity observations in the Central valley of 
Chile revealed the existence of important variations 
in the Bouguer anomaly, suggesting a large, nearly 
vertical fault bordering the Coast Range. The drop 
in gravity anomaly as one crosses this feature in an 
E. -W. direction is on the order of 40 to 60 milligals. 

The essential structural forms of the Central 
valley are discussed on the basis of a longitudinal] 
profile through 8° of latitude. Ten E. -W. traverses 
totalling 239 stations are also given. Earlier con- 
cepts of the Central valley as a shallow depression 
filled with recent sediments are modified, and 
estimates of economic potentialities are revised in 
the light of the new findings. -- Auth. 


1- 2121. Breyer, Friedrich, and Gerhard Dohr. 
THE STRUCTURES OF THE FOLDED MOLASSE IN 
WESTERN BAVARIA INVESTIGATED BY MEANS OF 
GEOPHYSICAL MEASUREMENTS: World Petroleum 
Congress, 5th, New York City, Tech. Papers, Sec.I, 
Paper 44, 10 p., 3 maps, 5 fold. secs., 1959, 22 
refs., abs. in English and French. 


The folded molasse in the western part of the 
Bavarian prealps was investigated by means of de- 
tailed geological mapping and by reflection-seismic 
as well as gravimetric measurements. The results 
of the seismic survey made possible a tectonic anal- 

sis down to depths of at least 3 mi. Overthrust 

tructures were found to extend to this depth and to 
reach §S. into the adjoining Helveticum and Flysch 
areas. Close relationships were detected between 
them. An analysis of the tectonic events at different 
geological times was attempted. It is hoped that 
the results will give an impetus to further explora- 
tion for oil. --Auth. 


1-2122. Andres, J., and A. Schad. SEISMIC 
MAPPING OF FAULT ZONES IN THE MIDDLE AND 
NORTHERN PART OF THE UPPER RHINE GRABEN: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec.I, Paper 46, 19p., 10figs. 
incl. maps, profiles, 2 fold. pls., table, 1959, 12 
refs., abs. in English and French. 


In the past years detailed reflection seismograph 
surveys have been made in the Rhine Valley graben. 
Numerous faults and fault systems have been recog- 
nized. The seismic mapping methods which were 
used are discussed. Wells drilled on the basis of 
information obtained by seismic surveying found 
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oil and gas mainly at antithetic faults. Profiles and 
contour maps are added for explanation. Velocity 
logging in the bore holes gave information about the 
dependence of velocity on depth, facies changes and 
age. It was possible to draw a map of the top of 
the Oligocene showing the intricate fracturing of the 
investigated area. Some cross sections through the 
investigated area show the faulted structure and 
also the changes in sedimentation thickness of the 
graben. The close connection between tectonics 
and oil and gas reservoirs assisted in the discovery 
of numerous fields with the help of seismic pros- 
pecting. --Auth. 


1-2123. Janoschek, Robert H. OIL EXPLORATION 
IN THE MOLASSE BASIN OF WESTERN AUSTRALIA: 
World Petroleum Congress, 5th, New York City, 
1959, Tech. Papers, Sec. I, Paper 47, 9 p., 2 maps 
(1 fold.), 3 cross secs. (2 fold.), fold. chart, 1959, 
7 refs., abs. in English and French. 


The floor of the molasse basin in western Austria 
consists of granites and gneisses of the Bohemian 
massif which in some areas are overlain by upper 
Carboniferous and continental Triassic beds but more 
usually by Upper Jurassic and/or Upper Cretaceous 
beds. The oldest beds of the Tertiary basin sediments 
are of upper Eocene age and the bulk of the 4,000 to 
8,000 ft. Tertiary sediments is formed by gray shales 
with sand, sandstone, and conglomerate layers ranging 
in age from Oligocene to middle Miocene. 

The molasse basin is asymmetric; the sediments 
being thickest in the immediate vicinity of the Alpine 
thrust front which now forms the southern margin of 
the exposed portion of the basin. Because of the 
greater strength of the Alpine movements during 
upper Eocene and Oligocene time, the structural 
development within the basin sediments diminishes 
upward in the section and also towards the N. While 
the upper Eocene and lower Oligocene are more 
strongly disturbed and dip southwards under the 
Alpine front, the axis of the basin in Miocene time 
had shifted well to the N. of the Alpine front. There- 
fore, as the southern margin is approached, the 
entire complex of Tertiary strata of the molasse 
basin shows a fanlike structure with the beds 
diverging towards the S. The development of struc- 
tures within the basin shows the predominating in- 
fluence of 2 basic factors; first, the original struc- 
tural pattern of the basement and overlying Mesozoic 
beds, associated with old fault lines and resulting 
in a pre-Tertiary surface of considerable relief, 
and second, the effect of the northward movement 
of the Alpine ranges which becomes more and more 
evident to the S. This latter influence is expressed 
in the central part of the basin by numerous E.-W.- 
striking predominantly antithetic faults, while in 
the southernmost part of the basin the beds are 
isoclinally folded or broken up into imbricate struc- 
tures (schuppen) in a belt of complex structures, 
which is over-ridden for several miles by the north- 
ward-thrust Helvetic and Flysch zone of the Alpine 
front. In spite of the large total thickness of sedi- 
ments, the predominantly marine facies, and the 
varied structural development, only a few wells 
have encountered oil, and up to now, no major oil 
or gas fields have been indicated. The question as 
to the origin of the oil remains unsolved. -- Auth. 


1- 2124. Friedl, K. THE OIL FIELDS OF THE 
VIENNA BASIN: World Petroleum Congress, 5th, 
New York City, 1959, Tech. Papers, Sec. I, Paper 
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48, 14p., 2 fold. maps, 5 cross secs., 6 tables, 
1959, abs. in English and French. 


Austria's total oil production, amounting to 
32, 469, 675 tons till,the end of 1957, comes almost 
exclusively from the Vienna basin. This area is a 
sedimentary basin, bordered by faults, situated 
entirely within the Alpine-Carpathian arc and under- 
lain by rocks of this arc. The main period of down- 
faulting was the middle Miocene. Sedimentation 
started in this period and continued until the lower 
Pliocene strata of Helvetian, Tortonian, Sarmantian 
and Panonian age filled the basin. All these series, 
including also the basement rocks, mostly flysch, 
may be oil- or gas-bearing. Even structures which 
are close to each other may have their oil horizons 
in quite different stratigraphic levels and it is 
therefore impossible to restrict the term "oil 
horizon" to any series in particular. 

The existing oil fields are connected, almost ex- 
clusively, with tectonic traps, either fault-type or 
anticlinal structures. These structures must be of 
sufficient age: synsedimentary faults, folds contem- 
porary with the beginning of sedimentation (at least 
in their initial phase), and buried hills. 

We have to conclude that the oil of the Vienna 
basin is of primary origin, excluding only occurren- 
ces within the flysch, and that it migrated soon 
after its formation into those old structures which 
already existed. This conclusion is very important, 
concerning the search for oil within the Vienna 
basin as well as in other basins of similar type. 

-- Auth. 


1- 2125. Roque, Pedro Criado, Carlos de Fer- 
rariis, Alberto Mingramm, Edgardo Rolleri, Italo B. 
Simonato, and Tomas Suero. THE SEDIMENTARY 
BASINS OF ARGENTINA: World Petroleum Con- 
gress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 49, 16 p., 6 maps, 5 secs., 1959, 
abs. in English and French. 


Of all the sedimentary basins in Argentina, 
important oil and gas accumulations actually have 
been discovered only in the Northwest, Cuyo, 
Neuquén, Golfo San Jorge, and Magallanes basins. 
For each one of these a schematic stratigraphic 
column and a map are provided. 

The Northwest basin contains Paleozoic, Cre- 
taceous and Tertiary deposits. Carboniferous and 
Permian rocks are the most important as oil pro- 
ducers. Oil accumulations are related to heavily 
compressed and overturned asymmetric folds. The 
Chaco-Paranda basin is the least known but most 
extensive in the country. Sediments range from 
Paleozoic to Tertiary. The Salado basin contains 
a thick sequence of dominantly upper Paleozoic 
and Tertiary sediments. The Rio Colorado basin 
contains middle and upper Paleozoic, Cretaceous, 
and Tertiary sediments. The Cuyo basin has im- 
portant oil fields producing oil from Triassic 
reservoirs. They are related to N.-S. fold lines, 
complicated by longitudinal reversed faults. The 
Neuquén basin has a stratigraphic sequence, ranging 
from Triassic to Upper Cretaceous marine and con- 
tinental deposits. Most of the oil deposits are related 
to an ancient ridge in the platform area. The Niri- 
huau basin is a small lower Tertiary basin not yet 
explored. A few wells have yielded small quantities 
of heavy oil. The Golfo San Jorge basin remains the 
most important of the country. Here, dominantly 
continental sediments cover sections of upper Paleo- 
zoic to Tertiary age. On both of its flanks there are 


numerous oil fields related to gentle folds complicated 
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by normal faults. The chief producer is the Chubu- 
tiano formation (Upper Cretaceous). The Southern 
or Magallanes basin contains mostly marine sedi- 
ments of Upper Jurassic to Lower Cretaceous age, 
and has been proved productive on the Island of 
Tierra del Fuego. Oil fields are related to gentle 
folds of small extent. The main oil producer is the 
sandy complex at the base of the Upper Jurassic to 
Lower Cretaceous marine transgression. -- Auth. 


1-2126. Link, Walter K. THE SEDIMENTARY 
FRAMEWORK OF BRAZIL: World Petroleum Con- 
gress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 50, 19 p., 6 maps, 8 secs., 1959, 
abs. in English and French. 


Brazil has an area of 8, 511,000 sq. km. of which 
3, 200, 000 sq. km. are sedimentary basin areas. 
Three large sedimentary basins, namely Parand, 
Maranhao, and Amazon are Paleozoic basins of 
large size. These basins appear to be sea arms of 
the Andean geosyncline and were probably inter- 
connected. The Paleozoic basins are comparative- 
ly shallow and the sediments indicate slow deposi- 
tion and have never been affected by violent orogenic 
folding. The Brazilian Paleozoic basins are separat- 
ed from the Andean trough by a low arch known as 
the Corumba Arch. The smaller Cretaceous basins 
are either graben or half-graben types with large 
marginal faults. The structures within these basins 
are of the horst and graben and tilted normal-fault- 
block type. 

The only commercial oil is in the RecGncavo 
basin where a reserve of over a billion barrels has 
been discovered. The producing formations are 
marine Cretaceous rocks. --Auth. 


l- 2127. Morales, LuisG. GENERAL GEOLOGY 


AND OIL POSSIBILITIES OF THE AMAZONAS BASIN, 


BRAZIL: World Petroleum Congress, 5th, New York 
City, 1959, Tech. Papers, Sec. I, Paper 5l, 17p., 
6 maps, chart, 5 secs., 1959, 6 refs., abs. in 
English and French. 


The Amazonas basin covers approximately 
1, 250,000 km. 2 or about 400, 000 sq. mi. Physio- 
graphically, this vast area is subdivided into the 
Upper, Middle and Lower Amazon as regions. The 
first two of these are filled primarily by Paleozoic 
sediments totaling about 4,000 m. in thickness. 
The deltaic portion of the Marajé Island to the E. 
contains in its deepest part about the same thickness 
of essentially Tertiary rocks. Structurally, this 
vast sedimentary area is bounded on the W| by the 
Iquitos arch, on the N. and S. by the Guyana and 
Brazilian shields, and on the E. by the Gurupa arch. 
The divide between the Upper and Middle Amazonas 
is generally set at the Purus river which is also a 
geological boundary. 

The sedimentary section from the top downward 
is composed of: 1) unconsolidated sediments; 2) a 
diabase flow; 3) a sequence of evaporites, lime- 
stones and bituminous shales grading downward into 
indurated sands at the bottom. The densities of 
these strata range from 2.5 to 2.7 in the Paleozoic 
rocks. These densities, added to the presence of 
diabase, anhydrite, salt and other high velocity 
beds, render the geophysical problem singularly 
difficult. In order to offset the absorption and de- 
cay of seismic impulse through the dense layers, 
methods have been devised for the mapping of the 
basement surface through the VLF (very low fre- 
quency) refraction method. In addition, the struc- 
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- ture of the Carboniferous strata is being mapped by 
the reflection method which has succeeded in cancel- 
ing the interference and increasing the signal by the 
use of multiple geophones, multiple holes and 
magnetic tape recording. 

Geophysical methods, guided by isopachous, 
clastic ratio and biofacies maps, are spear-heading 
the search for commercial oil production in the 
Amazon. It is believed that oil reserves exist on 
the flanks of major structural arches and in associa- 
tion with Devonian faulting and possible reef 
growths in the Carboniferous. -- Auth. 


1- 2128. Visser, W. A., andK. E. Kleiber. GEO- 
LOGY OF THE VOGELKOP PENINSULA, NETHER- 
LANDS NEW GUINEA: World Petroleum Congress, 
Sth, New York City, 1959, Tech. Papers, Sec. I, 
Paper 52, 12 p., 2 maps (1 fold., scale 1:500, 000), 
fold. cross secs., 1959, 12 refs., abs. in English 
and French. 


Netherlands New Guinea, and its westernmost 
peninsula, the Vogelkop, form part of the Australian 
continental shelf and in its geologic history shows 
clearly the interaction between the shelf, the oceanic 
deep to the N. and the Moluccan geosynclinal area to 
the W. The oldest sediments known are of Sil- 
urian age. They were intensively folded possibly 
during the Devonian. 

Upon the slowly subsiding, largely continuous 

’ stable shelf, deposition ensued: Permo-Carbon- 
iferous (clastics, some coal beds, 2450 m. ); pre- 
sumably Triassic (clastics, 100-170 m. ); Jurassic- 
Cretaceous (clastics, some calcareous rocks, 500 
m. ; outside the Vogelkop up to 3,000 m. ); Upper 
Cretaceous to early Miocene (pelagic limestones, 
over 1,000 m.). 

_ Although facies and thickness remain constant 
over large distances, sporadic upward movements 
during the Mesozoic caused local breaks and intra- 
formational disconformities, e.g. in the Ajamaroe 
plateau area in the central Vogelkop. 

Along the Pacific border there is a broad zone of 
serpentines and associated ultra-basic igneous 
rocks of presumably late Cretaceous to Oligocene 
age. Here extensive extrusions of basalts occurred 
during Oligocene-early Miocene. This Zone is in- 
dicative of the development of a mobile belt between 
the stable shelf and the oceanic basin. During 
Oligocene to early Miocene times, positive move- 
ments caused local deposition of clastic beds. 
Movements became accentuated during late 
Miocene and ultimately resulted in the emergence 
and uplift of the present, mainly fault-bounded 
mountain chains and the compensatory subsidence 
of young Tertiary basins. To easterly directed 
forces, exerted by the narrowing Moluccan geo - 
syncline, the stable shelf reacted mainly by fault- 
ing. In the Vogelkop and adjoining southern region, 
however, fold axes are parallel to the trends of the 
geosyncline. 

In the Vogelkop, the main late Tertiary basins are 
the Salawati basin in the W. and the Bintoeni basin 
in the E., separated by the old, positive area of the 
Ajamaroe plateau. On the Ajamaroe plateau and 

adjoining areas, a maximum thickness of 500 m. of 
reef limestones was deposited during late Miocene. 
Basinward the reef limestone is replaced by pelagic 
limestones overlain by a thickness of more than 
3,000 m. of foraminiferal marls and marly clays, 
completely covering the pelagic limestones but only 
capping the reef limestones. 

Plio-Pleistocene argillaceous and arenaceous 
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deposits reach a thickness of at least 3, 000 to 
4,000 m. Oil in small quantities has been trapped 
in reef limestones of late Miocene age. The oil is 
believed to have been generated partly in the pela- 
gic limestones and partly in the basinal lower 
strata of the late Miocene marls. -- Auth. 


1-2129. Beneo, Enzo. PETROLEUM EXPLORA- 
TION IN SOUTHERN ITALY: World Petroleum Con- ° 
gress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 53, 7p., map, 4 cross secs., 1959, 
ref., abs. in English and French. 


Geologically, southern Italy is divided into 3 
longitudinal sectors. The 2 lateral ones, Apennine 
sector and Gargano-Murge sector, are both 
characterized by exposures of calcareous dolomitic 
rocks ranging from Triassic to Miocene in age. 
The central sector is characterized by a tectonic 
sink involving these same rocks, and filled with 
clastic sediments of flysch facies of upper Miocene 
age and, partly, of Pliocene age. 

The flysch mass, which sometimes reaches 
great thickness, probably originated through the 
rapid and sometimes graded redeposition, by tur- 
bidity currents, of older rocks and their fossils. 
This mass contains intercalated olistostroma 
which inglobe rocks of variable age and dimension, 
and a few series of "normal" argillaceous strata 
pxobably derived through slow deposition containing 
the most recent fossils of the period. 

The flysch is frequently gas-bearing although its 
porosity is very low. This gas very likely 
originated through migration from the "normal" 
strata which probably are the only ones in the 
entire complex having naphthogenic properties. 
Consequently, exploration of the flysch is of 
secondary importance and eventually must be 
aimed at reaching sufficiently extensive porous 
horizons, whose actual presence is still 
hypothetical. 

Exploration of the calcareous dolomitic sub- 
strata, whether exposed or covered by the flysch, 
assumes great importance in consideration of the 
excellent results obtained under similar conditions 
in southern Sicily. In the Apennine sector, there 
are numerous petroleum shows and the exposed 
substrata are broken by many faults. However, the 
exact stratigraphy of the series is not yet known and 
certainly some of its members are missing. In the 
Gargano-Murge sector there are no recorded 
petroleum indications and the outcropping substrata 
are much less faulted. 

Exploration of the substrata covered by the flysch 
should be limited to zones where the cover is thin- 
nest and where, simultaneously, favorable structural 
conditions exist in depth. It is to be added that the 
flysch may be a protective cover where the top of 
the substrata belongs to the Miocene and there has 
been a continuity of sedimentation from the sub- 
strata to the flysch. -- Auth. 


1- 2130. Vuckovic, Josip, Radovan Filjak, and 
Vladimir Aksin. SURVEY OF EXPLORATION AND 
PRODUCTION OF OIL IN YUGOSLAVIA: World Pe- 
troleum Congress, 5th, New York City, 1959, Tech. 
Papers, Sec. I, Paper 55, 15p., 4 maps (3 fold.), 
12 secs. (5 fold.), 1959, 7 refs., abs. in English 
and French. 


From the viewpoint of petroleum geology there 
are presently in Yugoslavia 2 sedimentary regions 
of interest for oil exploration, the Panon basin and 


GEOSCIENCE ABSTRACTS 


the Adriatic region. 

The southern part of the Panon Basin is situated 
in the northern part of Yugoslavia. It is a Tertiary 
sedimentary basin containing Miocene and Pliocene 
sediments. 

The Panon basin does not represent a large con- 
tinuous basin, but contains a number of local gra- 
bens, among which the most interesting are those 
occurring in the areas of the Sava, Drava, and Mura 
rivers and the Banat district area. Oil and natural 
gas occurrences are found in sands, conglomerates 
and sandstones of Miocene and Pliocene age. 

Fifteen oil fields and 5 gas fields have so far 
been discovered, mainly after the war. In 1959 the 
crude oil production will amount to a half million 
metric tons. 

The Adriatic region occupies the southwestern 
part of Yugoslavia and from the geotectonic point 
of view it forms a part of the northern edge of the 
Mediterranean geosyncline. This region consists 
of the Dinaric Alps, which are divided into the high 
karst zone and the autochthonous zone along the 
coast of the Adriatic Sea. This region consists 
mainly of Mesozoic and Paleogene sediments. See- 
pages of asphalt and shows of oil and natural gas 
have been found in the Mesozoic sediments. So far 
geological and geophysical surveys have principally 
been carried out in this region. -- Auth. 


1-2131. Ghosh, A.M.N. POSSIBLE OIL-BEAR- 
ING REGIONS OF INDIA: World Petroleum Congress, 
5th, New York City, 1959, Tech. Papers, Sec.I, 
Paper 56, llp., 3 maps, 1959. abs. in English and 
French. 


The salient features of the 3 important geological 
units are stated. The extent of the possible oil- 
bearing sedimentary basins in India is indicated. 
These basins are classified into 4 types as follows: 
1) regions elevated and folded due to orogenic move- 
ments; 2) regions exposed at the surface due to 
epeirogenic or eustatic movements; 3) regions 
concealed under river alluvia, desert sands or salt- 
pans; 4) offshore regions. 

The geology, tectonics, and the oil potentialities 
of the proved petroleum provinces of Assam (both in 
the folded part and the concealed part under the 
Brahmaputra alluvium) and the recently indicated 
(yet to be proved) petroleum province of the Cambay 
region are discussed. The geology and the possible 
oil potentialities of the Cutch, Rajasthan, E. Punjab, 
Ganga Valley, Bengal basin, Andaman Islands, more 
deserving parts of the offshore regions and the 
coastal areas are discussed in some detail. -- Auth. 


1-2132. Vatan, A. REVUE BIBLIOGRAPHIQUE 
DES PROGRES RECENTS REALISES EN SEDIMEN- 
TOLOGIE [BIBLIOGRAPHICAL REVIEW OF RECENT 
PROGRESS ACCOMPLISHED IN SEDIMENTOLOGY]: 
World Petroleum Congress, 5th, New York City, 

1959, Tech. Papers, Sec. I, Paper 58, 13 p., 1959, 
149 refs., text in French, abs. in English and French. 


The Fourth World Petroleum Congress approved 
a resolution which proposed the preparation of a re- 
view concerned with the progress of sedimentology. 
The Permanent Council delegated the International 
Association of Sedimentology to prepare and present 
before the Fifth Congress a report outlining this pro- 
gress since the meeting of the Fourth World Petroleum 
Congress. 

The bibliographical review presented is a digest of 
reports drawn up by the authors of the various nations 
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concerned. The general tendency of the articles re- 
viewed shows that a knowledge of the sedimentologi- 
cal framework of basins has become essential for 
petroleum prospecting. Sedimentology is no longer 
simply considered as a method of correlation, but 
it has become a guide to the discovery of the “habitat | 
of oil. '' Much attention is directed towards the | 
study of distribution of facies and those factors 
essential for paleogeographical interpretation. 
Notable progress made in the following fields 
should be mentioned: sedimentological techniques 
and methods; petrogenesis of clays and shales; 
carbonate rocks; the origin of cements and their 
various stages of recrystallization. Oceanographic 
expeditions concerned with the study of continental 
shelves and with closed basins have provided 
results of primary importance for the interpretation 
of ancient petroliferous basins. Only little advance 
has been made in the relation between sedimentology 
and the fields of geophysics and production as far as 
these studies are concerned. -- Auth. 


1-2133. Woodward, Herbert P. THE APPALACH- 
IAN REGION: World Petroleum Congress, 5th, New 
York City, 1959, Tech. Papers, Sec. I, Paper 59, 
19 p., 5 maps, sec., 2 charts, 1959, 22 refs., abs. 
in English and French. 


This paper treats the Appalachian petroliferous 
basin of the eastern United States, cradle of the Ameri- 
can petroleum industry. Besides the Drake discovery 
well of 1859, other Appalachian contributions to the 
industry are the standard cable-tool drilling rig, the 
anticlinal theory of oil accumulation, the carbon- 
ratio theory, initial methods of secondary recovery, 
and the development of tank-cars and pipe-lines for 
the transportation of oil and gas. Up to 1900, the 
region had supplied 75% of the total U.S. oil produc- 
tion but its production today is less than 1% of the 
yearly U.S. total. Nonetheless, the Appalachian 
region still retains economic possibilities because 
1) its deep central region has not yet been thoroughly 
tested; 2) proximity to the East Coast and the high 
grade of its oil are strategic advantages; 3) new 
concepts of geologic structure provide new ideas for 
exploration. 

Attention is directed to subsurface structures 
developed during recent exploration for Oriskany 
gas in the central basin. These wells reveal a 
highly faulted underground architecture not reflected 
at the surface but developed beneath plastic black 
shale by severe lateral compression of the brittle 
Onondaga limestone and flexible Oriskany sandstone; 
possibly above some horizon favoring lateral shear- 
ing. A recent deep West Virginia well passed en- 
tirely through this disturbed segment into 7, 000 feet 
of undisturbed sediments. This suggests a middle- 
depth deformation in the Appalachian basin center 
above lower beds having less or different deforma- 
tion, neither of these structural patterns being 
mirrored at ground level. If true, there could be 
productive structures at depth that have not been 
contemplated. Reinterpretation of Appalachian 
structural chronology likewise suggests that other 
long-held concepts should be revised. 

It is thus believed that the Appalachian region 
may still contain potentially valuable petroleum, 
reserves. Probably its future explorations should 
be a cooperative venture. -- Auth. 


1-2134. Stradner, H. FIRST REPORT ON THE 
DISCOASTERS OF THE TERTIARY OF AUSTRIA AND 
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THEIR STRATIGRAPHIC USE: World Petroleum 
Congress, 5th, New York City, 1959, Tech. Papers, 
Sec. I, Paper 60, 12 p., 30 illus. , chart, 1959, 17 
refs., abs. in English and French. 


The Discoasteridae of the class Coccolitho- 
phorides so far encountered in the marine sedi- 
ments of northern Austria up to the end of 1958 
are described and illustrated. Both sides of the 
flat star- or rosette-shaped microfossils are de- 
Picted and explained. A detailed list of technical 
terms is included in the chapter on the systematics 
of the Discoasteridae. Only one specimen of each 
form-species is illustrated The possibilities of 
the use of the discoasters as marker fossils are 
discussed. It can be stated that discoasters can be 
used in establishing geologic boundaries by record- 
ing their occurrence in sediments. Because of the 
small dimensions of these fossils the chances of re- 
working into younger sediments are greater than 
with other microfossils. Therefore care has to be 
taken in evaluating the results of discoaster dia- 
grams, when "long range" form-species have been 
found. 

As far as can be judged from the present results 
the Paleocene-Eocene boundary as well as the 
Helvetium-Tortonium boundary are clearly ex- 
pressed by changes of the assemblages of the 
discoasters. -- Auth. 


-1-2135. Haught, Oscar L. OIL AND GAS REPORT 


AND MAP OF DODDRIDGE AND HARRISON COUNTIES, 
WEST VIRGINIA: West Virginia Geol. & Econ. Survey, 


Bull. no. 16, 39 p, 4 maps (1 fold., scale 1:62,500), 
col. sec., 1959. 


Superficial and subsurface geology of the counties 
is briefly described, as are the various productive 
"sands, '' the more important of which are tabulated, 
with their respective stratigraphic distances from 
the top of the Greenbrier limestone. Some recom- 


mendations for deeper exploratory drilling are made. 


Historical development and present status of oil and 
gas production are summarized, and the results of 
sample studies made by Dr. James H. C. Martens 


on material from 2 of the deeper wells drilled in these 


counties are reprinted from earlier publications of 
the Survey. -- Auth. 


1-2136. Guzman, Eduardo J. PETROLEUM 
DEVELOPMENTS IN MEXICO IN 1958: Am. Assoc. 
Petroleum Geologists, Bull., v. 43, no. 7, p. 
1505-1517, 7 maps, graph, 6 tables, July 1959. 


Three hundred seventy-nine wells were com- 
pleted in Mexico during 1958, as compared with 
389 the previous year. However, the average 
depth per well increased from 6, 463 ft. to 6, 958 
ft. for a total footage of 2, 636,900 ft., an increase 
of 122, 735 ft. over the total footage drilled during 
1957. Seventy-six wells were classified as explora- 
tory holes, 17 of which were successful (22%). 
Fifty-five new-field wildcats were drilled and new 
reserves were added through the discovery of 4 
new oil and/or gas fields, 12 new pools, and | ex- 
tension to a previously producing field. Of the 
total number of wells, 285 were successful (75%). 

Two new gas fields were located in the Eocene 
and Oligocene trends of northeastern Mexico, one 
oil field was found in the Poza Rica district, and a 
fourth oil field was found in central Tabasco in 
southern Mexico. 


The bulk of the exploratory effort was concentrated 
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in the coastal plain of the Gulf of Mexico, where all 
the producing fields are located; however, gravity and 
seismic work continued in the Baja, California, and 
Yucatan peninsulas and in Chihuahua in N.- central 
Mexico. In northeastern Chihuahua an unsuccessful 
deep exploratory test was completed during this year. 

Several tests were drilled to the Cretaceous and 
Jurassic in northeastern Mexico, and in the Tampico 
embayment most exploratory wells penetrated the 
Upper Jurassic formations which produce in the 
Constituciones and San Andrés fields. 

In the Veracruz embayment drilling activity de- 
creased considerably and will be followed by a 
campaign of deeper wells to test the middle and 
Lower Cretaceous sediments, as yet unproductive 
in this area. 

Production in the Isthmus and Tabasco region in- 
creased 7,000 bbls. per day during the year. This 
increase being due to the development of the La 
Venta and Ogarrio fields and the completion of the 
absorption plant in the Macuspana district. 

Crude oil and distillate production for 1958 was 
100, 641, 405 bbls. Total gas production was 
262, 626,152 MCF. This means an increase of 8.5 
million bbls. of oil and about 100 millions MCF of 
gas. -- Auth. 


1-2137. Clark, E. W. PETROLEUM DEVELOP- 
MENTS IN SOUTH AMERICA AND CARIBBEAN 
AREA IN 1958: Am. Assoc. Petroleum Geologists, 
Bull., v. 43, no. 7, p. 1518-1580, 17 maps, 15 
tables, July 1959, 12 refs. 


Oil production in South America and the Carib- 
bean area during 1958 was 1, 120, 800, 000 bbls. or 
3, 071, 100 b. /d. compared with 1, 169, 200, 000 
bbls. or 3, 202, 700 b. /d. during 1957. The re- 
duction was due mainly to the decrease of 174, 000 
b. /d. in Venezuela. In Brazil production was nearly 
doubled, from 27, 700 b. /d. to 51, 800 b. /d., while 
small gains were also noted in Argentina, Chile, 
Colombia, and Trinidad. 

The total number of wells drilled in the area in 
1958 amounted to 2, 418 compared with 3, 074 in 
1957. This decrease was again due mainly to the 
reduction in drilling in Venezuela from 1, 828 wells 
tomlin ies 

Prominent among new developments in South 
America and the Caribbean were: 1) reopening 
of Argentina to foreign investment in the petroleum 
industry, and 2) increase in income tax in Venezu- 
ela, resulting in substantial increase in the Govern- 
ment's share of oil-company profits. 

The president of Venezuela has reportedly stated 
that there would be no more oil concessions granted 
in Venezuela, and exploration activity in Venezuela 
was being reduced at the end of the year. 

In Argentina, contracts calling for very substanti- 
al capital expenditures during the next few years have 
been signed with a number of foreign oil and financial 
organizations. In this way it is hoped to conserve 
foreign currency now being used for the importation 
of petroleum and its products. 

Several Central American countries saw continued 
leasing activity as a result of new petroleum laws, 
and considerable surface exploration and drilling were 
carried out. -- Auth. 


1-2138. King, Robert E. PETROLEUM DEVELOP- 
MENTS IN EUROPE IN 1958: Am. Assoc. Petroleum 
Geologists, Bull., v. 43, no. 7, p. 1581-1624, 

13 maps, 2 graphs, 10 tables, July 1959, 11 refs. 
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Petroleum production in Europe outside the 
Soviet zone increased only 3. 5% over the preceding 
year, to a rate of 237,921 bbls. per day, a slowing 
down of the large annual increases since the end of 
World War II. However, German production in- 
creased more than 12%, Italian and Yugoslav both 
by 13%, and Dutch by 6%, while Austria showed a 
marked decline. In France the first commercial 
production was obtained in the Paris basin, with 4 
new fields, 3 producing from the Jurassic and 1 from 
the Lower Cretaceous. There was a large production 
increase in natural gas from the large Lacq deep 
gas field in southwestern France, but oil production 
declined slightly. In NW. Germany an important oil 
discovery was made in a stratigraphic trap E. of the 
Emsland fields, and a significant new field was found 
in Holstein SE. of Kiel. The greatest exploration 
success ratio was in the Molasse basin N. of the Alps, 
where 2 oil and 5 gas fields were discovered. In Italy 
natural-gas production increased only 2%, but 2 ap- 
parently significant new gas fields were discovered 
in the Po valley, the main gas-producing area. A 
new heavy-oil field was found near the Gela field in 
southern Sicily. In the Netherlands production de- 
clined in the large Schoonebeek field in the eastern 
part of the country but this was more than offset by 
increases in the Rotterdam-The Hague region, where 
2 small oil fields were added to the list of producing 
areas there. In the United Kingdom oil production 
declined slightly, but a new oil field was found in 
Carboniferous sands in the Midlands, and 1 gas and 
2 minor oil discoveries were made. In Yugoslavia 
important discoveries in Croatia indicated that 
major production increases could be expected in 
1959. The first deep exploratory well was started 
in Malta. An oil concession was granted to an 
American company covering all of Eire. Active 
exploratory drilling continued, but without success, 
in Denmark, Spain, Portugal, and European Turkey, 
and a new depth record for a well in Spain was made. 
Some interesting geological information holes were 
drilled in Belgium during the last several years. 
-- Auth. 


1-2139. Hotchkiss, Henry. PETROLEUM 
DEVELOPMENTS IN MIDDLE EAST AND ADJA- 
CENT COUNTRIES IN 1958: Am. Assoc. Petroleum 
Geologists, Bull., v. 43, no. 7, p. 1676-1713, 
illus., 19 maps, 23 tables, July 1959. 


Petroleum production in the Middle East 
countries in 1958 totalled 1, 559, 533, 000 bbls. , an 
average of 4, 272,884 b./d. This is comparable 
with a total production of 1, 293, 399, 000 bbls. in 
1957 - an average of 3, 670, 432 b. /d. 

Production in Pakistan in 1958 totalled 
2, 271, 379 bbls. , an average of 6, 209 b. /d. This 
compares with a total production of 2, 205, 000 bbls. 
in 1957, an average of 6,041 b. /d. 

Production in India during 1958 is estimated to 
have totalled 3, 102, 500 bbls. , an average of 
8, 500 b. /d. 

During 1958 important new concessions were 
granted by Iran - notably in the offshore area near 
the head of the Persian Gulf - and by the Ruler of 
Kuwait in the offshore area of the Kuwait-Saudi 
Arabia Neutral Zone. 

Two concessions were cancelled during 1958 - 
one in Syria and one in Iraq. 

Exploratory effort remained generally high dur- 
ing the year under review. Exceptions were Israel 
and the Yemen where a decrease in effort was 
noted. Two exploratory wells rated as indicated 
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discoveries in Saudi Arabia during 1957 were of- 
ficially completed during 1958. An indicated dis- 
covery of potential importance was made in the Abu 
Dhabi offshore area of the Trucial Coast. A dis- | 
covery was recorded in northern Kuwait. An indi- 
cated gas discovery was made in the northern Negev, _ 
Israel. Two small oil discoveries were made in | 
Turkey. 
Expansion of production facilities was planned or 
underway in Iran, Iraq, Kuwait, Saudi Arabia, and / 
in the Kuwait-Saudi Arabia Neutral Zone. -- Auth. 


1-2140. Kaufmann, Godfrey F. PETROLEUM 
DEVELOPMENTS IN FAR EAST IN 1958: Am. 
Assoc. Petroleum Geologists, Bull., v. 43, no. 7, 

p. 1714-1733, 4 maps, 23 tables, July 1959. 


During 1958 there has been little change in the 
political atmosphere and in petroleum developments 
from conditions as they existed in the Far East dur- 
ing 1957. Only in Communist China do persistent 
reports indicate important new discoveries of 
crude oil and appreciable increase in annual pro- 
duction from proven fields. Japan also has in- 
creased its production by 800 b. /d., which 
represents an increase of 13% in Japanese indigen- 
ous crude-oil production. A rise in the daily 
average production in Indonesia has been almost 
offset by a decline in the oil production of British 
Borneo. A discovery of gas in the Cagayan valley 
of northern Luzon, in the Philippine Islands, may 
have to be classed as non-commercial because of 
quantity and remoteness of location. Gas discover- 
ies in Papua must also be classed as non-commercial 
for the same reasons. The small but encouraging 
discovery of oil in Puri No. 1, in Papua, remains 
to be evaluated. -- Auth. 


1- 2141. Hedberg, Hollis D., John D. Moody, and 
Louis C. Sass. PETROLEUM DEVELOPMENTS IN 
AFRICA IN 1958: Am. Assoc. Petroleum Geolo- 
gists, Bull., v. 43, no. 7, p. 1625-1675, 16 maps, 
tables, July 1959, 8 refs. 


Petroleum production in Africa for 1958 established 
a new all-time high of 31, 930, 880 bbls. which repre- 
sents an increase of 72% over 1957. Egypt alone re- 
corded a 33% increase in its production over the pre- 
ceding year, and Egypt still dominates the production 
picture. However, Egyptian production represented 
only 69% of the Africa total in 1958, in contrast to a 
figure of almost 90% in 1957. Gabon, Algeria, and 
Nigeria were largely responsible for this change. 

One hundred forty-one exploratory wells were com- 
pleted in Africa in 1958, of which 18% were success- 
ful. Eight discoveries were reported from Nigeria, 

6 from Algeria, 4 from Libya, 3 from Gabon, 2 from 
Egypt, and 1 each in Angola and Morocco. Explora- 
tory wells were completed but without success in 
Cameroun, Congo, Madagascar, Senegal, Somalia, 
British Somaliland, and Tunisia. One hundred 
ninety-one development wells were completed during 
the year, 74% of which were successful. A total of 
2, 214, 392 ft. of hole was drilled in Africa in 1958, 
and at the end of the year 90 rigs were in operation. 

Geological-geophysical exploratory work was 
particularly extensive in Algeria, Libya, Madagascar, 
Morocco, Nigeria, Senegal, and Somalia. Party- 
months of various types of exploratory work for the 
whole of Africa were as follows: surface geology - 
629, seismograph - 774, gravity 313, ground 
magnetometer - 70, air-borne magnetometer - 11, 
and structure drill - 66. These represent all-time 
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highs for surface geology, seismograph, gravity, 
and magnetometer operations. -- Auth. 


1-2142. Pearson, G. Raymond. COAL RESERVES 
FOR STRIP-MINING, WABAMUN LAKE DISTRICT, 
ALBERTA: Research Council Alberta, Geol. Div., 
Prelim. Rept. 59-1, 55p., 5 figs., 1959. 


Strippable coal reserves in the Wabamun Lake 
district, Alberta, are estimated from geological 
examination and drillhole data at over 100 million 


tons. Detailed drillhole logs are given; the holes 
were electrologged, and the value of this method in 
coal exploration is indicated. Study of subsurface 
water conditions suggests that serious flooding is 
likely in mining operations in the Gainford area, but 
that pumps could probably control water influx in the 
Seba Beach-Highvale area. Proximate coal analyses 
and brief petrographic descriptions of seams are 
given, indicating the coal to have a subbituminous B 
classification and to be bright and banded in nature. -- 
Auth. 
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See also: Areal and Regional Geology 1-1882. 
1-2143. Nicol, AllenH. ENGINEERING GEOLOGY 


EVALUATION -- FOR PRE LIMINARY PLANNING AND 


SITE SELECTION: Consulting Engineer, v. 12, no. 
6, p. 118-120, port., map, 2 tables, June 1959. 


The engineering geology map and study make it 
possible for the engineer to gauge quickly, by in- 
Spection, the relative difficulties of design and 
construction and the relative costs in the various 
map units of his project area. They also permit a 
quick appraisal of relative difficulties that would be 


encountered on various types of engineering work 
within a single map unit. 

For preliminary and general planning purposes, 
this approach provides a basis for selection of those 
units that are economically feasible for the re- 
quirements of a specific project. 

This engineering geology study is, then, a guide 
to excavation, engineering characteristics, and 
relative cost estimates. It also has proved useful 
as a guide for locating construction materials and 
for selecting sites for underground installations, 
airports, highways, and military construction. -- 
Auth. summ. 


15. MISCELLANEOUS 


1- 2144. Rittenhouse, Gordon. THERE IS A REA- 
SON: Am. Assoc. Petroleum Geologists, Bull., v. 
43, no. 7, p. 1500-1502, July 1959. 


Geologists are reminded that theirs is a deductive 
science and that cryptic description without a con- 
scious questioning attitude will result in one's failing 
to draw valuable inferences from seemingly minor 
details. Systematic and detailed descriptions of, 
for example, rock samples should be but a part of 
a process of reasoning that recognizes that for each 
observable fact there exists a reason which should 
then be logically deduced. --M. Russell. 


1-2145. Girard, Roselle M. BIBLIOGRAPHY 
AND INDEX OF TEXAS GEOLOGY, 1933-1950: Texas, 
Univ., Pub. 5910, 238 p., May 1959. 


This publication is a continuation of and supple- 
ment to the bibliography of geologic literature con- 
tained in University of Texas Bulletin 3232, which is 
familiar to most geologists, especially in Texas. 

The present work is in slightly different style, and 
the index is very detailed and comprehensive. 

Bibliographic entries, including list of publications 
cited and a list of theses and dissertations, occupy 
147 pages; the subject index consists of 90 double- 
column pages. In general, each paper cited has been 
indexed from the following points of view: 1) specific 
subject with which it deals, such as "clay," “paleon- 
tology," etc.; 2) geologic system involved, "Cre- 
taceous, ' etc.; 2) geographic locality covered, in- 

‘cluding specific counties, general and specific areas, 
physiographic areas, and structural features. --]. 


Casey. 


1- 2146. Holdgate, Martin. MOUNTAINS IN. THE 
SEA: 222 p., illus. (7 col.), fold. map, New York, 
St. Martin's Press, Inc. , 1958. 
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An account of an expedition in 1955-1956 by a 
group of young Cambridge scientists to uninhabited 
Gough Island in the South Atlantic. One month was 
spent on Tristan Island, then 6 months on Gough. 
The island was topographically and geologically sur- 
veyed, a weather station set up (now run by South 
Africa), flora and fauna sampled, and a seal census 
undertaken. 

Geologically Gough Island is composed (in order 
of age) of: 1) basalt flows, 2) basalt dikes, 3) 
trachyte flows, 4) basalt flows, 5) trachyte plugs. 
The high flat interior indicates that the island was 
at one time planed by the sea, later upraised 2,000 
ft. A more recent uplift of 200 ft. causes streams 
to cascade into the sea. Peat samples were collected 
on Tristan and Gough for C** and pollen analyses. 
Gough appears to have been unglaciated during the 
Pleistocene, so it is not understood why the island 
fauna is so meager. --From rev. by P. A. Hill. 


1-2147. Price, PaulH. ANNUAL REPORT OF THE 
DIRECTOR AND STATE GEOLOGIST TO THE WEST 
VIRGINIA GEOLOGICAL AND ECONOMIC SURVEY 
COMMISSION: West Virginia Geol. & Econ. Survey, 
Ann. Rept., 31 p., 6 illus., 2 maps, 2 graphs, June 
1959. 


This report summarizes present activities of the 
West Virginia Geological and Economic Survey and 
presents statistics of all important current mineral 
production. Publications issued during the year and 
those now under preparation are named and briefly 
outlined. The activities of the Survey that have not 
resulted in publications are also described. The 
report closes with a financial statement and re- 
commendations for future work. --O. L. Haught. 


1- 2148. 
and Edwin V. Post. 


Varnes, David J., Tommy L. Finnell, 
GRAPHIC -LOCATOR METHOD 


GEOSCIENCE 


IN GEOLOGIC MAPPING: U. S. Geol. Survey, Bull. 
1081-A, 10p., 5illus., June 1959. 


The graphic locator is a simple device that is used 
with a topographic map and telescopic alidade or other 
sighting instrument to determine the point at which a 
line of sight intersects the ground surface. It may be 
used to plot features of geologic interest which are 
identifiable from an observation point of known location 
and elevation. The locations are generally sufficiently 


accurate if the line of sight intersects the ground surface 


at a moderate to high angle. Field tests have shown 


that use of the locator can greatly speed routine geologic 
mapping in areas of moderate relief and furnish reliable 


location for points in cliffs that cannot be examined 
on foot. -- Auth. 


1-2149. Krumbein, W. C. TREND SURFACE 
ANALYSIS OF CONTOUR-TYPE MAPS WITH IR- 
REGULAR CONTROL-POINT SPACING: Jour. Geo- 
phys. Research, v. 64, no. 7, p. 823-834, 5 maps, 
diag., 2 tables, July 1959, 12 refs. 


Trend surface analysis is a procedure for sepa- 
rating the relatively large-scale systematic changes 
in mapped data from essentially nonsystematic small- 
scale variations due to local effects. The method can 
be applied to any contour-type map, and has been 
used for analysis of gravity maps, isopach maps, 
facies maps, and maps of igneous and sedimentary 
rock attributes. 

When observations can be collected on a rectan- 
gular grid, orthogonal polynomial analysis permits 
convenient separation of the trend from the residuals. 
When observations are limited in number or are 
irregularly distributed over the map, nonorthogonal 
polynomial analysis can be used to determine at least 
the linear and quadratic components of the trend. 
These surfaces and deviations from them have value 
in geological interpretation, and they suggest that 
even when the complete trend is known, maps of 
selected trend components may be useful for examining 
special problems. Polynomial analysis of maps is 
facilitated by use of high speed computers. Organiza- 
tion of an IBM 650 program is outlined in this paper. -- 
Auth. 


1- 2150. Eliel, Leon T. ONE HUNDRED YEARS OF 
PHOTOGRAMMETRY: Photogramm. Eng. v. 25, 
no. 3, p. 359-363, illus., June 1959. 


Names of people, significant developments, and 
many of the specific pieces of equipment which have 
contributed to the science of photogrammetry are 
placed in perspective. Lausedat, regarded as the 
father of photogrammetry, Daguerre, Deville and 
his pictures of the Canadian Rockies, Scheimpflug, 
the Wright brothers, and the use of the dry plate 
were all pre-World War I. Between the wars, 
developments included the aerial camera, photo- 
mosaics, the Brock method, Hugerschoff Aero- 
cartograph, the Wild T-2 Theodolite, the Bagley 
5-lens camera, the Stereoplanigraph, the Topogon 
lens, the Fairchild Metrogon lens, the Slotted 
Templet method, and greatly improved film. After 
World War II, Multiplex, the Kelsh plotter, the Wild 
A-5, the recent Wild A-9, and a very wide angle RC-9 
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camera came into use. The Russians are rumored to 


have a series of lenses designed to cover 9 in. by 9 in 


negatives, which have been developed in varying focal | 
lengths down to 1.85 in. covering 135° on the diagonal 
in a single photograph. The U. S. Geological Survey 

and its Topographic Division have played a very large 
role in recent advances in photogrammetry in support 
of geologic surveys of the United States. --M. Russell. 


——— 


1-2151. Shrock, Robert R. EARTH SCIENCE 
CENTER AT MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY: Am. Geophys. Union, Trans., v. 

40, no. 2, p. 120-122, chart, table, June 1959, 

5 refs. 


The instructional and research program of 
the proposed Center for Earth Sciences at MIT is 
expected to produce well-grounded physical scien- 
tists with some knowledge of each of the principal 
earth sciences and considerable knowledge of at least | 
one of these. It is hoped that some of these gradu- 
ates will accept teaching and research positions and 
thus spread the philosophy that future earth scien- 
tists should base their training and research on a 
strong foundation of mathematics, physics, and 
chemistry, supplemented by extensive field work 
whenever possible..--Auth. summ. 


1-2152. Stevenson, Robert E. GEOLOGY IN AN 
ACADEMIC YEAR INSTITUTE: GeoTimes, v. 4, 
no. 1, p. 10, July-Aug. 1959. 


The activities of the Geology Department in the 
National Science Foundation's 1958-1959 Academic 
Year Institute at the State University of South Dakota 
included special geology courses and lectures by 
W. C. Krumbein, as part of the Visiting Scientist 
Program. The over-all goal of the AYI was to in- 
crease the knowledge of subject matter in science 
and mathematics for high school teachers. --M. 
Russell. 


1- 2153. Omori, Keiichi. GEOLOGY AND GEOLO- 
GISTS OF JAPAN: GeoTimes, v. 4, no. 1, p. 6-7, 
port., July-Aug. 1959. 


The principal geologic provinces, structure, rock 
types, and economic minerals of Japan are sum - 
marized. From 300 to 400 geologists are graduated 
each year from 20 colleges and universities. The 5 
principal departments of geology are at the universi- 
ties of Tokyo, Tohoku, Kyoto, Hokkaido, and Kyushu. 
Recent activities of prominent Japanese geologists, 
principally in the field of mineralogy, are cited. --M. 
Russell. 


1-2154. Sheftal, N. N. EVGENII EVGEN'EVICH 
FLINT (ON HIS SEVENTIETH BIRTHDAY): Soviet 
Physics - Crystallography [Kristallografiya], Var, 
no. 1, p. 1-2, port., Jan.-Feb. 1958, pub. 1959. 


A biographical note on this Soviet crystallographer, 
successor to G. V. Wulff in the Chair of Crystal- 
lography at Moscow University, on the occasion of 
his 70th birthday and the 40th anniversary of his 
scientific and teaching career. His main scientific 
interests have been in the field of goniometry. Some 
of his publications are listed. --A. C. Sangree. 
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